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(54) Title: METHODS TO CONTROL THE HOST RANGE OF RETROVIRAL VECTORS 

(57) Abstract: A method for generating and selecting for retroviral vectors having an altered host range, for example an expanded 
^ or reduced host range, is disclosed. The method includes manipulating host range control element(s) in a retroviral vector. Methods 
of using the retroviral vectors are also disclosed. 



4SD0CtD: <WQ_02056868A^I_> 



wo 02/056668 ^^^T/USO 1/50284 



METHODS TO CONTROL THE HOST RANGE OF RETROVIRAL VECTORS 



PRIORITY CLAIM 

This application claims priority from U.S. Provisional Application No: 60/257,821, filed 
5 December 22, 2000^ herein incoiporated by reference. 



FIELD 

The present disclosure relates to methods of generating and identifying retroviral vectors 
1 0 having an altered host range, and methods of their use. 



BACKGROUND 

In retroviruses, spliced and unspliced retroviral RNAs must be efficiently transported from 
the nucleus to the cytoplasm. The BNAs of some single retroviruses, such as the Mason-Pfrzer 
1 5 Monkey Virus (MPMV) contain a specialized structure called a Constitutive Transport Element 

(CTE). The CTE is recognized by cellular frictors and aids in nuclear export of unspliced viial RNAs. 
This process is necessary for the e?q)iession of viral proteins, the packaging of viral genomic KNA, 
and the release of replication competent viruses. 

CTEs of avian and mammalian retroviruses have been described. Rizvi et aL (Virology 
20 244:5 17-32, 1996) disclose that tiie CTE of MPMV is a cw-acting element critical for the replication 
of MPMV. The CTE facilitates the transport of viral mKNA from the nucleus in a similar manner to 
. the Rev/RRE system of HIV and SIV. Without the CTE there was a six-fold mcrease in MPMV RNA 
sequestered in the nucleus compared with the cytoplasm 

Bray et al (Proc, Natl Acad. Sci, USA 91:1256-60, 1994) teach a 219 nucleotide element in 
25 the 3' untranslated region of the genome of MPMV (located between cnv and the 3* LTR) that can 

functionally substitute for the Rev protein and its RRE sequence in promoting transport of unspUced 
mVRNAs. Nasioulas etaL (Proc, Natl Acad. Set USA 92:11940-4, 1995), teach that the HIV 1 
Rev/RRE system can increase the expression of Avian Leukosis Virus (ALV) structural proteins in 
mammalian cells aiid promote the release of mature ALV from these cells, demonstrating that ALV 
30 viral replication is dependent on appropriate post-transcr^tional RNA reg;ulation. Ogert et al. {J. 
Virol^ 70:3834-43, 1996) teach an avian retroviral RNA element that promotes unspliced RNA 
accumulation in the cytoplasm and thereby promotes Rev-independent expression of HIV protein. 

In U.S. Patent No. 5,585,263 a ci^-acting retroviral mKNA '^constitutive enhancer element" 
is described that promotes transport of intron-containing mRNA and, in conjunction with certain 
35 proteins, provides for rev-independent CTcpression of certain HTV genes. 

Researchers have extended the host range of retroviral vectors by manipulating envelope 
proteins. Although the host range was extended such that the virus could infect different cell types, 
the viruses were not replication conpetent in these cells. U.S. Patent No. 5,591,624 and U.S. Patent 
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No. 5,716,832, teach the production of lecombiiiantTetroviiuses adapted to infect a particular cell 
type, such as a tumor, by manipulating the binding specificity of those retroviruses. U.S. Patent No. 
5,5 1 2,42 1 discloses manipulation of the host-range of retroviral vectors by alteration of the retroviral 
envelope protein so that the vector may infect a ^de*-range of non- mammalian cells. Barsov and 
5 Hughes (/ ViroL 10:3922-9 , 199G) disclose the manipulation of host-range of a Rous Sarcoma Virus 
(RSV) derived vector by the substitution of the avian env gene with a mammalian env gene. 

Heterologous genes have been expressed in retroviral vectors. U.S. Patent No. 5,252,465 
teaches the expression of heterologous genes in avian erythroblastosis virus vectors. U.S. Patent No. 
5,652,130 discloses the use of retroviral vectors for expressing Tumor Necrosis ipactor (TNF). U.S. 
10 Patent No. 5,635,399 teaches retroviral vectors expressing cytokine genes in retroviral vectors. 

Barsov and Hughes (7. ViroL 70:3922-9, 1996) teach tiie expression of MLV env in a Rous Sarcoma 
Virus derived vector. 

Retroviral vectors are widely used in laboratoiy research and can be used for clinical gene 
therapy. Currently used retroviral vectors, however, have certain inherent disadvantages. In some 
1 5 cases, mammalian retroviral vectors can recombine with other endogenous mammalian viruses, which 
poses obvious clinical dangers (and regulatory approval problems) in gene therapy. Also, presently * 
used retroviruses commonly require a 'lielper** virus for successful infection and replication, making 
them difficult to use. 

20 SUMMARY OF THE DISCLOSURE 

There is a need for a retroviral vector that is easily manipulated witii respect to host range. 
There is also a need for a retroviral vector that reduces the probability of recombination with 
endogenous viruses of a subject, such as mammalian viruses, and tiiat needs no "helper" virus or 
special cell line. There is also a need for a method by which a user may manipulate the host range of 
25 a selected vector. Such a retroviral vector would be more useful, easier to use, and more flexible than 
current retroviral vectors, both in the laboratoiy and in clinical applications. 

The host range of a retrovirus can be expanded in at least two different ways. Jn the first, a 
change in the envelope alters the types of cells or organisms that can be infected by the vims. 
However, this type of manipulation does not necessarily change tiie cells in which tiie virus can 
30 replicate. Viruses can infect cell in which the virus does not replicate, hi such cases the infected cell 
does not produce infectious virons. Alternatively, viruses can be modified to alter tiie range of cells 
or organisms that produce infectious virions. This disclosure concerns tiie second type of 
. modification. 

The present disclosure teaches a method for generating and selecting for retroviral vectors 
35 and retroviral particles having an altered host range. The present disclosure also provides the 
retroviral vectors obtained using the disclosed methods as well as metiiods of their use. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic diagram showing how RCASBP(A)ADR containing MLV ampho 
inserts was generated 

FIG. 2 shows the nucleotide sequence of a 196-bp MLV ampho insert in the context of the 
5 MLVU3. 

FIG. 3 shows the nucleotide sequence of the U3 insert following growth on both DF-1 and 
293R(A) cells. 

FIG. 4 is the nucleotide sequence of the portion of the gag gene in RCAS vectors containing 
point mutations identified in a DR-deleted ALV containing an MLV insert The normal ^lice donor 
1 0 (sd) and the cryptic splice donor (cryptic sd) sites are shown in bold &ce type. The first six residues 
tiiat were mutated are numbered in bold &ce type, wi& the nucleotides present following mutation 
below the wild-type sequence. 

FIG. 5 A and SB are schematic diagrams of modified RCASBP vectors (A) 
RCASBPADRNgl-9 and (B) RCASBP ADRNgl*9gQ3. The SA shown is used to generate the spliced 
1 5 message containing gj^. 

FIO. 6 is Hie nucleotide sequence of the portion of the gag gene in RCAS vectors containing 
point mutations identified in a DR>deleted ALV containing an MLV insert, showing the additional 
two mutations (7 and 8) acquired by long-adapted virus. The second cryptic spike donor site is 
shown in bold face type. 

20 FIG. 7 is a digital image of a Southem blot, showing that many proviruses present in 

293R(A) cells infected with viral supematants produced on 293R(A) cell were extensively deleted: 
Lanel. RCASBP ADRNgl-9g^ plasmid DNA digested with EcoRI (5 ng); Lane 2. GenonaicDNA 
fiom uninfected 293R(A) cells digested with EcoRI. Lane 3. Hirt DNA isolated fiom DF-1 cells 
infected with long-adapted RCASBPADRNgl-9gfp. Lane 4. Genomic DNA from DF-l cells 

25 infected with RCASBP ADRNgl-9gfp. Lane 5. Genomic DNA from 293R(A) cells infected with 

long>adaptedRCASBPADRNgl-9gj^vuiis produced on DF-1 cells. Lanes 6-9. Genomic DNA fiom 
293R(A) cells infected with long-adapted RCASBPADRNgl-9g^ virus produced on 293Rj(A) cells at 
difierent cell passages following infection (P7, PI 1, PIO, P13, respectively). Lane 10. Genomic 
DNA fiom 293R(A) cells infected with nud-adq>tation RCASBPADRNgl-9gi|) virus produced on 

30 293R(A) cells. Lane 1 1. RCASBPADRKgl-9 plasmid DNA digested with EcoRI (5 ng). 

FIG. 8 is a schematic drawing of the ^^P labeled fiagments of RCASBP(A) DNA used as 
probes to determine which portions of the provirus remained in 293R(A) cells, (A) gag gene probe 
generated by digesting RCASBP(A) with PvuII and gel isolating the resulting --1 100-bp fiagment; (B) 
pol gene probe generated by digesting RCASBP(A) wife Avrll and gel isolating the resulting -1900- 

35 bp fiagment; and (C) env gen probe generated by digesting RCASBP(A) with Kpnl and Sail and gel 
isolating the resulting ~1000-bp Segment 

FIG. 9 is a schematic drawing showing differential splice donor sites. 

FIG. 10 is a schematic diagram showing a summary of the pRR145 deletion mutants. 
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SEQUENCE LISTING 
The nucleic and amino acid sequences listed in the acconq)anying sequence listing are shown 
using standard letter abbreviations for nucleotide bases, and three letter code for amino acids. Only 
5 one strand of each nucleic acid sequence is shown, but the conq}lementaiy strand is understood as 
included by any reference to tiie displayed strand, 

SEQ ID NO: 1 shows a 96 bp nucleic acid sequence derived from the LTR of MLV, which is 
located between nucleotides 355 and 450 of SEQ ID NO: 3. 

SEQ ID NO: 2 shows a 196 hp AM fragment nucleic acid sequence derived from the LTR of 
1 0 MLV, which is located between nucleotides 237 and 456 of SEQ ID NO: 3 , 
SEQ ID NO: 3 shows the sequence of an MLV LTEL 

SEQ ID NO: 4 shows an exeii5)laTy forward primer used to amplify SEQ ID NO: 1 . 
SEQ ID NO: 5 shows an exenq>lary reverse printer used to an^lify SEQ ID NO: 1. 
SEQ ID NO: 6 shows an exenq>laiy forward primer used to amplify DNA sequences cloned ^ 
15 into the viral C/oI site for clone selection of viruses contaimng SEQ ID NO: 1. 

SEQ ID NO: 7 shows an exemplary reverse primer used to amplify DNA sequences cloned 
into flie viral Clal site for clone selection of viruses containing SEQ ID NO: 1- 

SEQ ID NO: 8 shows an exenqjlary forward primer used to amplify DNA sequences cloned 
into the viral Clal site for clone selection of viruses harboring the 196 bp insert. 
20 SEQ ID NO: 9 shows an exemplary reverse primer used to amplify DNA sequences cloned- 

into the viral Clal site for clone selection of viruses harboring the 196 bp insert 

SEQ ID NO: 10 is a nucleic acid sequence of a 38-bp downstream flanking sequence. 
SEQ ID NO: 1 1 is a nucleic acid sequence containing a portion of a gag gene with mutations 
. selected for after shot-term adaptation. 
25 SEQ ID NO: 12 is a nucleic acid sequence containing a portion of a wild-type gag gene. 

SEQ ID NO: 13 is a nucleic acid sequence containing a portion of a gag getie with mutations 
selected for after one year of adaptation. 

SEQ ID NOS: 14 and 15 axe exenq>laiy nucleic acid sequences of PGR primers that can be 
used to amplify U3 flanking sequences. 
30 SEQ ID NOS: 16-19 are exemplary nucleic acid sequences of PCR primers that can be used 

to sequence regions of a gag gene. 

SEQ ID NOS: 20-21 are exemplary nucleic acid sequences of PCR primers ^t can be used 
to identify deletions of proviral sequences. 

SEQ ID NOS: 22-23 are exen:5)lary nucleic acid sequences of PCR primers that can be used 
35 to detect imspliced RNA in virus particles. 

SEQ ID NOS: 24-25 are exen^lary nucleic acid sequences of PGR primers that can be used 
to detect aberrantly spliced RNA in virus particles. 
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DETAILED DESCRIPTION OF SEVERAL EMBODIMENTS 
Abbreviations and Terms 
The following explanations of the terms and methods are provided to better describe the 
present disclosure and to guide those of ordinary skill in the art in the practice of the present 
5 disclosure. As used herein, "comprising" means" "including" and the singular forms "a" or "an" or 
"the" include plural references unless the context clearly dictates otherwise. For exan^le, reference 
to "comprising a cell" includes one or a plurahty of such cells, and reference to "comprising the 
retrovirus" includes reference to one or more retroviruses and equivalents thereof known to those 
skilled in die art, and so forth. 
1 0 Unless explained otherwise, all technical and scientific terms used herein have the same 

meaning as commonly understood to one of ordinary skill in the art to which this disclosure belongs. 
ALV: Avian leukosis virus 
ASLV: Avian sarcoma leukosis virus 
GFP: Green fluorescent protein 
15 HIV: Human inomunodeficiency virus 

MLV: Murine Leukemia virus 
MMTV: Mouse Mammary Tumor Virus 
MPMV: MasonrPfizer monkey virus 

RCAS: Replication con^etent ALV LTR with a splice acceptor vector 
20 RCASBP: Replication con^etent ALV LTR with a gplice acceptor vector containing the 

Bryan polymerase 

RSV; Rous Sarcoma Virus 

RT: Reverse transcriptase 

SrV: Simian immunodeficiency virus 

25 

AJtered host range: The host range of a retrovirus is altered when the cell(s) in which a 
retrovirus is replication corq)etent is changed. Host range can be altered by expanding or contracting 
(reducing) the host range of a retrovirus. In one embodiment, the host range of a retrovirus can be 
altered by manipulating a host-range control element (HRCE) of a retrovirus using methods provided 
30 herein. 

In one example, the host range of a retrovrms is altered by expanding the host range of the 
retrovirus. In one specific non-limiting exan^le, ASLV is replication conpetent in avian, but not 
mammalian cells. The host range of ASLV is expanded if it gains the ability to perform at least one 
round of replication in mammalian cells. ASLV may or may not retain the ability to replicate in avian 
35 cells. 

In another example, the host range of a retrovirus is altered by contracting or reducir^ the 
host range of the retrovirus. In one specific non-limiting exair^le, MLV an^ho is replication 
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conq}eteiit in both avian and roammalian cells. The host range of MLV ampho is contracted if it 

looses the ability to replicate in mammalian and/or avian cells. 

Amphotrophic virus: A vims that can replicate both in cells of its native host and also in 

cells of other species. In one specific non-limiting exanqsle an amphotrophic virus is MLV ampho 
5 which replicates in both mammalian cells (its native host) and in avian cells . (its non-native host). In 

another specific non-limiting embodiment, the an^hotrophic virus is SNV (spleen necrosis virus), 

which replications in both turkey cells (its native host) and dog cells (its non-native host). 

Antisense, Sense, and Antigene: Double-stranded DNA (dsDNA) has two strands, a 5* -> 

3* strand (the plus strand) and a 3* -> 5* strand (the minus strand). Because KNA polymerase adds 
1 0 nucleic acids in a 5* -> 3' direction, the minus strand of the DNA serves as the template for the RNA 

during transcription. Thus, the RNA formed will have a sequence conqjlementary to the minus strand, 

and identical to the plus strand (except that the base uracil is substituted for thymine). 

Antisense molecules are molecules that are specifically hybridizable or specifically . 

complementary to either KNA or the plus strand of DNA. Sense molecules are molecules that are 
1 5 specifically hybridizable or specifically complementary to the mmus strand of DNA. Antigene 

molecules are either antisense or sense molecules directed to a DNA target 

Avian: As applied to a virus, refers to any virus that is native to birds. A non-avian virus is 

any virus that is not native to birds. Avian-derived refers to any cell or virus isolated firom a bird, or 

derived firom a cell or virus isolated fi-om a bird. 
20 Binding/stable binding: An oligonucleotide binds or stably binds to a target nucleic acid if 

a sufficient amount of the oligonucleotide forms base pairs or is hybridized to its target nucleic acid, 

to permit detection of that binding. Binding can be detected by physical or functional properties of 

the targetroligonucleotide conq)lex. Binding between a target and an oUgonucleotide can be detected 

by any method known to one skilled in the art, including fimctional and physical binding assays, 
25 Binding can be detected functionally by determining whether binding has an observable effect upon a 

biosynflietic process such as expression of a gene, DNA replication, transcription and translation. 

Physical methods of detecting the binding of complementary strands of DNA or RNA are 

well known in the art, and include such mediods as DNase I or chemical footprinting, gel shift and 

afSnity cleavage assays. Northern blotting, dot blotting and light absorption detection procedures. 
30 For exanq>le, a method which is widely used, because it is single and reliable, involves observing a 

change in ligjht absorption of a solution containing an oligonucleotide (or an analog) and a target 

nucleic acid at 220 to 300 nm as the teinperatiure is slowly increased. If the oligonucleotide or analog 

has bound to its target, there is a sudden increase in absorption at a characteristic tenq>erature as the 

oligonucleotide (or analog) and target dissociate or melt 
35 The binding between an oligomer and its target nucleic acid is frequently characterized by 

the tenperature (Tm) at which 50% of the oUgomer is melted firom its target A higher Tn, means a 

stronger or more stable complex relative to a conc^lex with a lower Tn,. 
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cDNA (complementary DNA): A piece of DNA lacking internal, non-coding segments 
(introns) and regulatory sequences which determine transcription. cDNA may be synttiesized in the 
laboratory by reverse transcription &om messenger RNA extracted firom cells. 

Chimeric retroviral vector: A retroviral vector that includes at least one nucleic acid 
5 sequence jfrom a first retrovirus linked to a nucleic acid from a second, non-identical retrovirus. The 
second sequence can be from a retroviral vector from a different Kingdom, Phylum, class, order, 
&i]ily, genus or species than the first retroviral vector. 

Complex ("MC-type") retroviruses: A retrovirus that does not contain CTEs. Specific, 
non-limiting examples include HIV-1 and SIV. In these viruses, the Rev protein interacts with the 
1 0 Rev-responsive element (RRE), a short cz.s-acting sequence on the viral transcript. The Rev/RRE 
complex interacts with cellular factors to allow export of mRNA from the nucleus to Ae cytoplasm 
where it is expressed. 

Constitutive Transport Element (CTE): Also known as a constitutive transport enhancer, 
a viral element that aids in nuclear export of viral mRNA to tiie cytoplasm in single retroviruses. The 

1 5 CTE is typically a c£s!-acting element in the 3' untranslated region of a retrovirus genome between env 
- and the 3' LTR. CTEs can con^lement Rev-KEE- mutants of complex viruses (Bray et ah^ Proc. 
Natl Acad. Sci. USA 91 : 1256-60, 1994 and ZolotuMiin et al, J. Virol 68:7944-52, 1994). 

A non-limiting exanple of a CTE is the 219 bp c/j-acting element present in the 3' region of 
both MPMV and Simian Retrovirus type 1 (SRV-1) (Bray et al, Proc, Natl Acad, Sd. USA 91 : 1256- 

20 60, 1994; Zolotukhin et al, J, Virol 68:7944«.52, 1994). See Genbank Accession No. SIVMPCG 

between nucleotides 8022 and 8240, and discussed in U.S. Patent No. 5,585,263 (column 6). MPMV 
CTE RNA contains three stem-loop structures, the first of which contains a nine nucleotide motif with 
67% homology to the Rev-binding domain of HTV-l RRE. Another non-limiting exanple of a CTE is 
the CTE of RSV, which is found between nucleotides 8770 and 8925 in the RSV genome. 

25 U.S. Patent No. 5,880,276 describes a method for identifying (and making) a CTE (see 

Exaniple 8), which can be used to identify a CTE for use in the present embodiments. An adaptation 
of such a method includes: 

(1) Isolating a retroviral genomic sequence or cellular genomic sequence having homology 
to a known CTE (for exan^le, has 50% identity with a known CTE when compared using blastn at 

30 default perameters). Such a known CTE could, for example, be a CTE from SRV-1, firom MPMV, or 
firom RSV, or could be any CTE characterized by being found in the 3' UTR of a retrovirus genome 
between env and the 3* LTR, Oiat functions to mediate nuclear e?q>ort of RNA in simple retroviruses; 

(2) insertion of such a sequence into a vector in cis, to produce a vector that is transcribed 
into mRNA, -^fbich is either dififerentially spliced, alternatively spHced, inconcipletely spliced or 

35 unspHced, and thus, not normally transported fiom tiie nucleus to the cytoplasn^ 

(3) Introduction of such a recombinant vector into non-host cells; 
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(4) Assaying the cultured cells for expression of the DNA molecule such as by detection of 
its mRNA in the cytoplasm or production of protein encoded by the DNA molecule, wherein 
detection of such expression indicates that the sequence conoprises a CTE; and 

(5) Isolation and purification of the sequence fi:om the recombinant vector using standard 

5 methods. 

Deletion: The removal of a sequence of DNA, die regions on either side being joined 

together. 

Deoxyribonucleic acid (DNA). A long chain polymer which includes the genetic material 
of most living organisms (some viruses have genes including ribonucleic acid, RNA). The repeating 

1 0 units in DNA polymers are four different nucleotides, each of which includes one of the four bases, 
adenine, guanine, cytosine and thymine bound to a deoxyribose sugar to which a phosphate group is 
attached. Triplets of nucleotides, referred to as codons, in DNA molecules code for amino acid in a 
polypeptide. The term codon is also used for the corresponding (and coni^jlementary) sequences of 
three nucleotides in the noRNA into which the DNA sequence is transcribed. 

1 5 Derived from: A second virus is derived firom a &8t virus if the second virus genome ' 

retains the majority of structural genes of the first, and retains at least 70%, 75%, 80%, 85%, 90%, 
95%, 98% or 99% sequence identity to the genome of tiie first virus. 

Direct repeat (DR) sequences: Identical or nearly identical sequences of DNA present as 
two or more copies in tiie same orientation in &e same molecule. Such sequences need not be 

20 adjacent 

Envelope polypeptide (Env): An env polypeptide is a retroviral envelope protein wbicb 
encodes the surface (SU) glycoprotein and the transmembrane (TM) protein of the virion. The SU 
glycoprotein and the TM protein form a complex that interacts specifically with cellular receptors. 

Functional Deletion: A mutation in a sequence that deletes or has an effect equivalent to 
25 deletion of the sequence. In one embodiment, the function of a HRCE or an essential gene product is 
eluninated by a deletion, insertion, or substitution, for example deletion of a portion of the sequence 
or the entire sequence. 

Junctlonally Equivalent: Nucleic add sequence alterations in a retroviral vector that yields 
the same results described herein. Such sequence alterations can include, but are not limited to, 

30 conservative substitutions, deletions, mutations, fi:ameshif%s, and insertions. In a first retroviral vector 
with its HRCE functionally deleted, insertion of a sequence from a second retroviral vector, such as 
an HRGB of the second retroviral vector, which allows the first retroviral vector to be replication 
con^tent in the host cell(s) of the first retroviral vector, demonstrates that &e second HRCE is 
functionally equivalent of &e first HRCE. However, a functionally equivalent sequence need not 

35 confer replication con^etence in a first retroviral host cell to be con^lementaty, but merely confer 
replication corrqsetence to &e first retroviral vector in some cell type. In one embodiment, a segment 
from the LTR of MLV Bsapho is functionally equivalent to the DR of ASLV because when DR is 
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functionally deleted in ASLV and replaced with a sequence from the MLV an:5)ho LTR, the resulting 
chimeric virus is replication competent in an avian host cell. 

Genetic fragment: Refers to any polynucleotide, DNA or RNA, derived from a larger 
polynucleotide. 

5 Group Specific Antigen Polypeptide or Gag: A gag protein is a retroviral grotq) specific 

antigen polypeptide which is proteolytically processed into the mature proteins MA (matrix), CA 
(capsid), and NC (nucleocapsid), and other proteins that are numerically designated. In one 
embodiment, a portion of a gag protein refers to at least 15 consecutive amino acids of a gag protein 
sequence. In one embodiment, a portion of an gag protein refers to at least 25 consecutive amino 
1 0 acids of an gag protein sequence. In yet another embodiment, a portion of an gag protein refers to at 
least 35, for exainple at least 45, at least 50, at least 100, at least 200, or even at least 300 nucleotides 
of a gag nucleic acid sequence. 

Heterologous: A sequence that is not normally (i.e. in the wild-type sequence) found 
adjacent to a second sequence. In one embodiment, the sequence is from a different genetic source, 
1 5 such as a virus or organism, than the second sequence. 

Host cell: In one embodiment, a host cell is a native cell(s) of a retrovirus which tiie 
retrovirus can infect and in which the retrovirus is replication conq>etent. For exanq}le, host cells of 
an avian retrovirus include, but are not limited to any avian cell, such as any chicken, quail, or turkey 
cell, for exaniple chick embryo fibroblast (CEF) ceUs and DF-1 cells. In a particular mibodiment, the 
20 host cell of ASLV includes CEF and DF-1 cells. 

In another exan^le, host cells of a mammalian retrovirus iuclude, but are not Umited to any 
mammalian cell, such as any mouse, rat, pig, or hinnan cell, such as any cell from a mammalian 
subject such as a blood cell, liver cells or lung cell, for example 293 or 3T3 cells. 

In yet another example, a host cell includes a cell which is not a native cell of a retrovirus, 
25 but which the retrovirus can infect and in which the retrovirus is replication competent For example, 
host cells of MLV ampho include mammalian and avian cells, for exan^le 293 and DF-1 cells. 

Host range: Refers to the types or species of cells in which a retrovirus or retroviral vector 
is replication competent For example, the host range of MLV anq)ho includes avian and mammalian 
cell types. 

30 Host range control element (HRCE): A nucleic acid sequence, such as an RNA or DNA 

sequence of a retrovims or retroviral vector, that affects the ability of the retrovirus or retroviral 
vector to be replication competent in a particular type or species of cell. In one erdbodiment, the 
HRCE is an RNA sequence of a retrovirus or retroviral vector, but not an env sequence. Exaniples of 
HRCEs include, but are not limited to the DR sequence of ASLV; the segment from the LTR of MLV 

35 an^ho (SEQ ID NO: 3) or portions thereof such as SEQ ID NO: 1 or 2 or 3; gag sequences such as 
SEQ ID NOS: 1 1 or 13. In addition to the specific exan^les ofHRCEs described in &e present 
specification, the methods disclosed allow for the identification ofHRCEs in any retrovirus or 
retroviral vector, such as a simple retrovirus. In addition, the metiiods provided h^ein allow for tiie 
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manipulation of HRC£ in a retrovirus or retroviral vector, for example insertion or functional 
deletions of HRCEs, to control the host range of the retrovirus or retroviral vector. 

Infective: A retrovirus or retroviral vector is infective when it transduces a cell, replicates 
without the benefit of any complementaiy virus or vector, and spreads progeny vectors or viruses to 
5 other cells in an organism or cell culture, where the progeny vectors or viruses have the same ability 
to reproduce and spread throughout the organism or cell culture. Thus, for exanc^le, a nucleic acid 
encoding a retroviral particle is not infective if the nucleic acid cannot be packaged (e.g. if the 
retroviral particle lacks a packaging site), even though the nucleic acid can be used to transfect a cell. 

Integration: A retrovirus integrates into cellular DNA when a DNA copy of the retroviral 
1 0 genome is incorporated into the cellular genome (i.e. into a chromosome). 

Isolated: An "isolated" biological conq^onent (such as a nucleic acid or protein has been 
substantially separated or purified away from other biological conq)onents in the cell of the organism 
in which the component naturally occurs. 

An isolated nucleic acid is a nucleic acid substantially separated or purified away fi*om other 
1 5 nucleic acid sequences in the cell of the organism in which the nucleic acid naturally occurs, i.e., other 
chromosomal and extrachromosomal DNA and RNA. The term isolated encompasses nucleic acids 
and/or proteins purified by standard purification methods. The term also enibraces nucleic acids 
and/or proteins prepared by recombinant expression in a host cell as well as those chemically 
synthesized. 

20 Long Terminal Repeat (LTR): A DNA sequence repeated at the S' and 3' end of an 

integrated retrovirus genome (the provirus) which is not found in the retroviral RNA genome. LTRs are 
generated through a replication process prior to integration and consist of three structural regions: U3, R 
and U5. The LTR generally contains an eiihancer sequence(s), promoter sequence(s), 3* RNA 
processing sequence(s), and integration (att) sequence(s). In a replication coinpetent retrovirus, the 

25 LTR may also contain an active RNA polymerase n promoter which allows transcription of the 
integrated provirus by host cell RNA polymerase II to generate new copies of the retroviral RNA 
genome. Exang^les include, but are not limited to the LTR of HIVl (Patricia et aLy AIDS Res. Hum, 
Retroviruses 3:41-55, 1987); MMTV (Lee et al. Virology 159:39-48, 1987); MLV, and RSV 
(Yamamoto a/.. Cell 22:787-97, 1980). 

30 Manmial: This term includes both htonan and non-human mammals. Similarly, the terms 

'^patient," "subject;*' and '"individual" include both human and veterinary subjects. 

Mammalian: As applied to a virus, refers to any virus native to mamrnals. Mammalian 
derived refers to any cell or virus isolated from a mammaL 

Marker polypeptide: A polypeptide used to identify cells that e3q)ress the polypeptide. A 

35 marker polypeptide can be detected using methods known to one of skill in the art, including enzymatic 
assays and assays utilizing antibodies (e.g. ELISA or immunohistochemistry). Specific non-limiting 
exanq)les of a maker protein are luciferase, green fluorescent protein (GFP), or jS-galactosidase. 
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Native host: A host in which a retrovirus replicates in nature, wherein a non*native host of a 
retrovirus is not infected in nature. 

Non-host cell: A non-host cell includes all cells in which a retrovirus is not native and in 
which the retrovirus does not rephcate. For example, a non-host cell of an avian retrovirus includes, 
5 but is not limited to any non-avian cell, such as a mammalian cell, hi a particular exan^le, a non-host 
cell of ASLV includes 293 and 3T3 cells. 

Oligonucleotide: A linear polynucleotide sequence of up to about 200 nucleotides in 
length, for example a polynucleotide (such as DNA or RNA) which is at least 6 nucleotides, for 
example at least 15, 50, 100 or even 200 nucleotides long. 
10 Operably linked: A first nucleic acid sequence is operably linked with a second nucleic acid 

sequence when die first nucleic acid sequence is placed in a functional relationship with the second 
nucleic acid sequence. For instance, a promoter is operably linked to a coding sequence if the promoter 
affects the transcription or expression of the coding sequence. Generally, operably linked DNA 
sequences are contiguous and, where necessary to join two protein coding regions, in the same reading 
15 frame. 

ORF (open reading frame): A series of nucleotide triplets (codons) coding for amino acids 
without any termination codons. These sequences are usually translatable into a peptide. 

Ortholog: Two nucleotide sequences are ordiologs of each other if they share a common 
ancestral sequence and diverged when a species carrying diat ancestral sequence split into two 
20 species. Orthologous sequences are also homologous sequences. 

Packaging Signal: A con^lex signal, present in viral RNA, also known as that plays a 
role in the packaging of viral RNA into viral particles. 

PGR (polymerase chain reaction): A method in which cycles of denaturation, annealing 
with primer, and then extension with DNA polymerase are used to sanphfy the number of copies of a 
25 target DNA sequence. 

Polymerase (Pol): A pol protein is a retroviral reverse transcriptase, which contains both 
DNA polymerase and associated RNAse H activities, and Integrase (IN). Pol mediates replication of 
the viral genome in vivo. The ends of the newly synthesized linear double-stranded viral DNA are 
recognized and two nucleotides from the 3' end of each strand are removed. These DNA ends are 
30 joined to a target DNA at random sites. 

Probes and primers: A probe includes an isolated nucleic acid attached to a detectable 
label or reporter molecule. Typical labels include radioactive isotopes, ligands, chemiluminescent 
agents, and enzymes. Methods for labeling and guidance in the choice of labels appropriate for 
various puzposes are discussed, e.g., in Sambrook et al.^ Molecular Cloning: A Laboratory Manual^ 
35 Cold Spring Harbor Laboratory Press (1989); and Ausubel et al^ Current Protocols in Molecular 
Biology, Greene Publishing Associates and Wiley-Intersciences (1987). 

Primers are short nucleic acids, for example DNA oligonucleotides at least 15 nucleotides in 
length. Primers may be annealed to a complementary target DNA strand by nucleic acid 
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hybridization to form a b3rbrid between the primer and the target DNA strand, and then extended 
along the target DNA strand by a DNA polymerase enzyme. Primer pairs can be used for . 
anq)lification of a nucleic acid sequence, e.g., by PGR or other nucleic-acid anq^lification methods 
known in the art 

5 Methods for preparing and using probes and primers are described, for example, in 

Sambrook et al. {Molecular Cloning: A Laboratory Manual^ Cold Spring Harbor Laboratory Press, 
1989), Ausubel et aL, Current Protocols in Molecular Biology, Greene Publishing Associates and 
Wiley-Intersciences (1987), and Innis et al, PCR Protocols, A Guide to Methods and Applications, 
1990, Innis et al (eds.), 21-27, Academic Press, Inc., San Diego, California. PGR primer pairs can 
10 be derived from a known sequence, for example, by using conqjuter programs intended for that 
purpose such as Primer (Version 0.5, © 1991, Whitehead Institute for Biomedical Research, 
Cambridge, MA). 

Probes and primers disclosed herein coxzq)ris6 at least 15 nucleotides, ahhougih a shorter 
nucleic acid may be used if it specifically hybridizes under stringent conditions widi a target nucleic 

1 5 acid by metiiods well known in the art The disclosure thus includes isolated nucleic acid molecules 
that comprise specified lengths of the disclosed sequences. One of skill in the art vnH appreciate that 
the specificity of a particular probe or primer increases with its length. Thus, for example, a primer 
comprising 20 consecutive nucleotides of a gene will anneal to a target sequence contained within a 
genomic DNA library with a higher specificity than a corresponding primer of only 15 nucleotides. 

20 To enhance specificity, longer probes and primers can be used, for exan^le probes and primers that >. 
con^rise at least 20, 30, 40, 50, 60, 70, 80, 90, 100 or more consecutive nucleotides from any region 
of \h& disclosed sequences. By way of example, the sequences disclosed herein may be apportioned 
into halves or quarters based on sequence length, and the isolated nucleic acid molecules may be 
derived from the first or second halves of the molecules, or any of the four quarters. 

25 When referring to a probe or primer, the term "specific for (a target sequence)'* indicates that 

the probe or primer hybridizes under stringent conditions substantially only to the target sequence in a 
given sarx^le comprising the target sequence. 

Fol3aiucleotide: A linear nucleic acid sequence of any length.. Therefore, a polynucleotide 
includes molecules which are at least 15, 50, 100, 200 (oligonucleotides) and also nucleotides as long as 

30 a full length cDNA. 

A portion (of a nucleotide sequence) as used herein refers to at least 10, 20, 30, 40, 50, 100 or 
more contiguous nucleotides of a specified nucleotide sequence, for example the sequences disclosed 
herein. A portion can include an entire gene or an entire specified sequence, e.g., a portion of a DNA 
sequence of gene A can include as few as 10 nucleotides, or as many as 50 nucleotides or more, or the 

35 entire ORF or the entire gene, so long as the sequence congjrises at least 1 0 nucleotides of the DNA 
sequence of gene A. For example, a portion of the LTR of MLV anqiho can include the entire 614 bp 
sequence (S£Q ID NO: 3), or as few as 10 nucleotides thereof 
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Promoter: An airay of nucleic acid control sequences which direct transcrq}tion of a nucleic 
acid. A promoter includes necessary nucleic acid sequences near the start site of transcription, such as, 
in the case of a polymerase n type promoter, a TATA element. A promoter also optionally includes 
distal enhancer or repressor elements which can be located as much as several &ousand base pairs from 
5 the start site of transcription. 

pRR145: An infectious virus generated by replacing a portion of the pol and most of the env 
gene of Moloney MLV (MoMLV) with die same sequence from the amphotropic 4070A clone to create 
an Mo(4070A) chimera designated pRR145 (Otter a/., y. Virol 66:6107-16, 1992). ThepRR145 
genomic clone contains two con^lete copies of the viral LTR (see FIG. 10). 

1 0 Purified: The term purified does not require absolute pxirity; rather, it is intended as a relative 

term. Thus, for example, a purified protein or nucleic acid preparation is one in which die protein or 
nucleic acid is more pure than the protein or nucleic acid in its natural enviromnent within a cell. For 
example, a preparation of a protein is purified if the protein represents at least 50%, for example at least 
70%, of the total protein content of the preparatioiL 

1 5 RCAS Vector: An avian retroviral vector derived from the replication competent ALV witii a 

splice acceptor vector. 

Recombinant: A nucleic acid sequence that is not naturally occuiring or a sequence made by 
an artificial combination of two otherwise separated segments of sequence. This artificial combination 
is often accomplished by chemical synthesis or, more commonly, by die artificial manipulation of 

20 isolated segments of nucleic acids, e.g., by genetic engineering techniques, such as those described in 
Sambrook et al (In: Molecular Cloning: A Laboratory Manual^ Cold Spring Harbor, New York, 
1989). Such recombiuant nucleic acid sequences can be used to produce recombinant proteins. 

Replication competent: A virus is replication competent m a particular cell line or cell type if 
that virus, without the need for a helper virus, can undergo at least one complete replication cycle iu the 

25 cell by infecting the cell, replicating and assembling in the cell and producing infectious progeny 

viruses. A virus is replication competent in a non-native cell type if the virus can repUcate in a cell from 
a Kingdom, Phylum, class, order, family, genus or species that is different from the one to which the 
virus is native. 

Replication conxpetency can be assessed using methods disclosed herein, as well as other 
30 metiiods known to those skilled in the art, for example identifying particle production using EUSA or 
Western blotting using gag antibodies (see also Cofiin et aly Retroviruses^ Cold Spring Harbor 
Laboratory Press, 1997). 

Replication defective: A virus is replication defective if it caimot replicate. In one 
embodiment, a retroviral vector is replication defective if it cannot replicate in a host cell of the 
35 retroviral vector. 

Retroviral vector: A nucleic acid sequence which can be packaged into a retrovirus. 

Retrovirus: Any vims in the family Retroviridae. These viruses have sinfular characteristics, 
specifically they share a replicative strategy. This strategy includes reverse transcription of the virion 
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RNA into linear double-stranded DNA, and the subsequent integration of this DNA into die genome of 
the cell. All native retroviruses contain thxiee major coding domains with infomiation for virion 
proteins: gag, pol and env. 

In one exan^le, a retrovirus is a sinq}le retrovirus. In another example, a retrovirus is an avian 
5 type C retroviruses, such as avian leukosis virus (ALV). In yet another exanq>le, a retrovirus is a BLV- 
HTLV retrovirus such as bovine leukaemia virus (BLV), a lentivirus such as human immunodeficiency 
virus (HIV-1), a mammalian type B retrovirus such as mouse mammary tumor virus (MMTV)» a 
mammahan type C retrovirus such as murine leukaemia virus (MLV), a spumavirus such as human 
spumavims (HSRV), or a type D retroviruses such as Mason-Pfizer monkey virus (MPMV), In other 

1 0 example, a retrovirus is a Munne leukemia-related virus, an RSV, a hmnan T-cell leukemia virus, a 
human foamy virus, or an ASLV. 

Sample: A material to be analyzed. In one embodiment, a sample is a biological sample. In a 
specific example, a biological sample contains genomic DNA, cDNA, RNA, or protein obtained from 
the cells of a subject Other exanq)les of biological samples, include, but are not limited to: peripheral 

1 5 blood, serum, plasma, uriue, cerebrospinal fluid, pleural fluid, synovial fluid, peritoneal fluid, gastric 
fluid, saliva, lymph flidd, interstitial fluid, sputum, stool, physiological secretions, tears mucus, sweat, 
milk, semen, s^ninal fluid, vaginal secretions, fluid from ulcers and other surface emptions, blisters, 
and abscesses, tissue biopsy, surgical specimen, fine needle aspriates, amniocentesis san^les and 
autopsy material. 

20 Sequence identity: The identity between two or more nucleic acid sequences, or two or more** 

amino acid sequences, is expressed in terms of die identity between the sequences. Sequence identity 
can be measin*ed in terms of percentage identity (or similarity or homology); the higher the percratage, 
the more identical the sequences are. Homologs or orthologs of nucleic acid or amino acid sequences 
possess a relatively high degree of sequence identity when aligned using standard mediods. This 

25 homology is more significant when orthologous proteins or cDNAs are derived from species which are 
more closely related (e.g., human and mouse sequences), conq)ared to species more distantly related 
(e.g., human and C. elegans sequences). 

Methods of ahgnment of sequences for conqjarison are well known in die art Various 
programs and ahgnment algorithms are described in: Smitfa & Waterman, Adv. AppL Math. 2:482, 

30 1981; Needleman & Wunsch, J, Mol Biol 48:443, 1970; Pearson & Lipman, Proc Nati. Acad. ScL 
USA 85:2444, 1988; Kiggins & Sharp, Gene, 73:237-44, 1988; Higgins & Sharp, CABIOS 5:151-3, 
1989; Corpet et al^ Nuc. Acids Res. 16:10881-90, 1988; Huang et al Computer Appls. in the 
Biosciences 8, 155-65, 1992; and Pearson et al., Meth. Mol. Bio. 24:307-31, 1994. Altschul et aL, J. 
Mol. Biol. 215:403-10, 1990, presents a detailed consideration of sequence alignment methods and 

35 homology calculations. 

The NCTI Basic Local Ahgnment Search Tool (BLAST) (Altschul et al, J, Mol Biol 
215:403-10, 1990) is available from several sources, including the National CentCT for Biological 
Information (NCBI, National Library of Medicine, Building 38A, Room 8N805, Bethesda, MD 20894) 
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and onihe Intemet, for use in connection with the sequence analysis programs blastp, blastn, blastx, 
tfolastn and tblastx. Additional information can be found at the NCBI web site. 

For coniparisons of amino acid sequences of greater than about 30 amino acids, the Blast 2 
sequences function is employed using the default BLOSUM62 matrix set to default parameters, (gap 
5 existence cost of 1 1, and a per residue gap cost of 1). When aligning short peptides (fewer than around 
30 amino acids), the alignment should be performed using the Blast 2 sequences function, einploying 
the PAM30 matrix set to default parameters (open gap 9, extension gap 1 penalties). Proteins with even 
greater identity to the reference sequence will show increasing percentage identities when assessed by 
this method, such as at least 70%, 75%, 80%, 85%, 90%, 95%, 98%, 99% sequence identity, when 

10 using gapped blastp with databases such as the nr or swissprot database. Queries searched with the 

blastn program are filtered with DUST (Hancock and Armstrong, 1994, Comput Appl BioscL 10:67- 
70). Other programs use SEG. When less than the entire sequence is being compared for sequence 
identity, homologs typically possess at least 75% sequence identity over short windows of 10-20 amino 
acids, and may possess sequence identities of at least 85%, 90%, 95% or 98% depending on their 

1 5 identity to the reference sequence. Methods for determining sequence identity over such short windows 
axe described at the NCBI web site. One of skill in the art will appreciate that these sequence identity 
ranges are provided for guidance only; it is entirely possible that significant homologs can be obtained 
that fall outside of the ranges provided. 

One indication that two nucleic acid molecules are closely related is that the two molecules 

20 hybridize to each other under stringent conditions. Stringent conditions are sequence-dependent and 
vary under different environmental parameters. Nucleic acid molecules that hybridize under stringent 
conditions to a target nucleic acid (or a sequence complementary thereto) typically hybridize to a probe 
based on either an entire a target nucleic acid (or a sequence complementary thereto) or selected 
portions of a target nucleic acid (or a sequence complementary thereto), respectively, under wash 

25 conditions as described in EXAMPLE 14. 

Nucleic acid sequences that do not show a high degree of identity may nevertheless encode 
similar amino acid sequences, due to the degeneracy of the genetic code. Qianges in nucleic acid 
sequence can be made using this degeneracy to produce multiple nucleic acid molecules tiiat all encode 
substantially the same protein. Such homologous peptides may, for exanriple, possess at least 75%, 

30 80%, 90%, 95%, 98%, or 99% sequence identity determined by tins method. When less than flie entire 
sequence is being conq^ared for sequence identity, homologs may, for example, possess at least 75%, 
85% 90%, 95%, 98% or 99% sequence identity over short windows of 10-20 amino acids. Methods for 
determining sequence identity over such short windows can be found at the NCBI web site. One of skill 
in the art will appreciate that the sequence identity ranges are provided for guidance only; it is possible 

35 that significant homologs or other variants can be obtained that fall outside die ranges provided. 

For comparisons of nucleic acid sequences, sequence identity can be determined by comparing 
the nucleotide sequences of two nucleic acids using the BLAST sequence analysis software, for 
instance, the NCBI BLAST 2.0 program gapped blastn set to default parameters. (One exanople of such 
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default settings would be: e^ect = 10, filter = default desciiptions = 500 pairwise, alignments 500, 
alignment view - standard, gap existence cost "=11, per residue existence - 1, per residue gap cost — 
0.85). Nucleic acids with even greater identity to a reference nucleic acid sequence will show 
increasing percentage identities when assessed by this method, such as at least 50%, 60%, 70%, 75%, 
5 80%, 90%, 95%, 98%, or 99% sequence identity of tiie nucleotides. 

An alternative (and not necessarily cumulative) indication that two nucleic acid sequences are 
substantially identical is that the polypeptide which the first nucleic acid encodes is immunologically 
cross reactive with the polypeptide encoded by the second nucleic acid. 

Species: A groi^ of organisms of common ancestry that are able to reproduce only among 

1 0 themselves and that are usually geographically distinct In one embodiment, mammals and birds are 
different species. In another embodiment, chickens and quails are different species. 

Simple ("S-type") Retrovirus: Simple retroviruses have only three genes, gag^ pol and env, 
which encode viral enzymes and stmctuial proteins. £xanq>les of simple retroviruses include, but are 
not limited to, ASLV, RSV, SNV, MFMV, and MLV (see CofBn et aL, Retroviruses, Cold Spring 

1 5 Harbor Laboratory Press, 1997). The cytoplasm of cells infected with most siixrple retroviruses 

normally contain only two viral transcripts, the spliced message that is translated into £nv proteins and 
&e full length RNA. RSV produces an additional spliced message that allows &e CT^ression of the src 
oncogene. Genomes of some simple retroviruses contain cis-acimg RNA structural elements analogous 
to the response elements of conq)lex viruses. 

20 Subject: Living multicellular vertebrate organisms, a category wMc^ includes, both hunian and 

veterinary subjects for exanple, mammals and birds. 

Supernatant: The culture medium in which a cell is grown. The culture medium may include 
material from the cell. If the cell is infected with a virus, the supernatant can include viral particles. 
Target Nucleic Acid: Refers to a nucleic acid, such as ssDNA, dsDNA or RNA, that 

25 hybridizes with a probe or primer. The conditions under which hybridization occurs may vary wifli 
the size and sequence of the probe and the target sequence. By way of illustration only, a 
hybridization es^eriment can be performed by hybridization of a DNA probe (for example, a probe 
derived from the LIR of MLV labeled wi& a radioactive isotope) to a target nucleic acid 
electrqphoresed in an agarose gel and transferred to a nitrocellulose membrane by Southern blottizsg 

30 (Sambrook et al. (Molecular Cloning: A Laboratory Manual, Cold Spring Harbor, New York, 1989). 
Further discussion of hybridization conditions are given below in EXAMPLE 14. 

In another embodiment, the target nucleic acid, upon hybridization to a dier^>eutically 
effective antisense oligonucleotide or oligonucleotide analog, results in the inhibition of e3q>ression of 
tiie target sequence. Either an antisense or a sense molecule can be used to target a portion of 

35 dsDNA, since both will interfere witih the expression of that portion of the dsDNA. The antisense 
molecule can bind to the plus strand, and the sense molecule can bind to the minus strand. Thus, 
target nucleic adds can be ssDNA, dsDNA, and RNA. 
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Therapeutically Effective Amount: An amount sufficient to achieve a desired biological 
effect. In one embodiment, it is an amount effective to allow a functional level of expression of a 
nucleic acid, for example a gene, of interest. In particular examples, it is a concentration of retrovirus 
or retroviral vector with an altered host range effective to allow expression of the transgene, die 
5 expression of which is desired in a subject, sufficient to achieve a desired effect in the subject. For 
instance, it can be an amount necessary to improve signs and/or symptoms of a disease, for exarcple 
by expression of one or more transgenes in the retroviral vector. Diseases include, but are not limited 
to, a neurological, immunological, cardiovascular, muscular, cell proliferative, or genetic disorder. 

In another embodiment, it is an amount effective to inhibit expression of a nucleic acid, for 

1 0 example a gene of interest. In particular embodiments, it is a concentration of retrovirus or retroviral 
vector with an altered host range effective to allow e7q)ression of a therapeutically effective 
oligonucleotide, the expression of which is desired in a subject, sufficient to achieve a desired effect 
in the subject For instance, it can be an amount necessary to improve signs and/or syn^toms a 
disease, for example by expression of one or more therapeutically effective oligonucleotide in the 

15 retroviral vector. Con^}lete inhibition is not necessary for therapeutic effectiveness. Therapeutically 
effective oligonucleotides are characterized by their ability to inhibit the e^qsression of the gene of 
interest. Inhibition is any reduction in expression seen when conq)ared to production in the absence 
of the ohgonucleotide or oligonucleotide analog. Additionally, some oligonucleotides will be capable 
of inhibiting the expression of a gene of interest by at least 15%, 30%, 40%, 50%, 60%, or 70%, or 

20 more. Therapeutically effective oligonucleotides are additionally characterized by being sufficiently 
complementary to nucleic acid sequences encoding a gene of interest. As described herein, 
sufficiently conqjlementary means that the therapeutically effective oligonucleotide can specifically 
disrupt the ejq^ression of a gene, and not significantiy alter the expression of other genes. 

An effective amount of retroviral vector having an altered host range may be administered in 

25 a single dose, or in several doses, for example daily, during a course of treatment However, the 

effective amount of retroviral vector having an altered host range will be dependent on many factors, 
including, but not limited to: the retroviral vector having an altered host range administered; the 
subject being treated; the condition of the subject being treated; the severity and type of the condition 
being treated; the body weight or surface area of the subject to be treated; the age, weight, and sex of 

30 the subject to be treated; as well as die existence, nature, and extent of any adverse side^ffects that 
accompany die adnoinistration of a particular vector, or transduced cell type in a particular subject, 
and the manner of admxoistration of the retroviral vector having an altered host range. 

The general term **subject being treated" is understood to include all animals (e.g. humans, 
apes, dogs, cats, horses, and cows) that require expression of a transgene by a retroviral vector having 

35 an altered host range. 

Therapeutically effective dose: A dose sufficient to allow functional expression of the 
transgene, resulting in a desired effect in a subject being treated, or which is capable of relieving signs 
or symptoms caused by die condition. 
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Therapeutic polypeptide: A poIypq}tide which can be used to alleviate or relieve a 
symptom of a disorder in a subject being treated. Specific, non-limiting exan^Ies of therapeutic 
pplypeptides are cytokines or immunomodulators, hormones, neurotransmitters, or enzymes. In yet 
another embodiment, a therapeutic polypeptide is an immunogenic polypeptide. 
5 Transduced and Transformed: A virus or vector transduces a cell when it traosfers nucleic 

acid into &e cell. A cell is 'iransfoimed" by a nucleic acid transduced into fte cell when the DNA 
becomes stably replicated by the cell, either by incorporation of the nucleic acid into the cellular 
genome, or by episomal replication. As used herein, the term transformation encompasses all 
techniques by which a nucleic acid molecule might be introduced into such a cell, including transfection 

1 0 with viral vectors, transformation with plasmid vectors, and introduction of naked DNA by 
electroporation, lipofection, and particle gun acceleration. 

Transgene: An exogenous nucleic acid sequence, for exan^le a gene sequence. In one 
embodiment the transgene encodes a marker protein which can be detected using methods known to 
one of skill in the art. Specific non-limiting examples of a maker protein include luciferase, GFP, and 

1 5 j^galactosidase. In another embodiment, the transgene encodes a therapeutic protein which can be 
used to alleviate or reUeve a synqitom of a disorder. Specific, non-limiting exaiiq)les of therapeutic 
proteins include cytokines, immunomodulators, hormones, neurotransmitters, and enzymes. In 
another embodiment, the transgene encodes a therapeutically effective oligonucleotide, for exan^le 
an antisense oligonucleotide, wherein expression of the oligonucleotide inhibits e:rq>ression of a target 

20 nucleic acid sequence. In a further embodiment, the transgene encodes an antisense nucleic acid or a 
libozyme. 

The transgene can have the native regulatory sequences operably linked to the transgene (e.g. 
the wild-type promoter, found operably linked to the gene in a wild-type cell). Alternatively, a 
heterologoxis promoter can be operably linked to the transgene. In yet anotiier embodiment, a viral LTR 
25 can be used to express the transgene. 

Transgenic Cell: Transformed cells which contain foreign, non-native DNA. 
U3: A non-coding region of a LTR about 200-1,200 nucleotides in length, located iqsstream 
of the transcription start site. Forms the 5' end of the provirus after reverse transcription and contains 
the promote elements responsible for transcription of the provirus. 
30 175: A non-coding region bftfae LTR about 75-250 nucleotides in lengtiL It is the first part 

of the genome to be reverse traiiscribed, forming the 3' end of tiie provirus genozne. 

Variant sequences: A variation of a nucleic acid sequence is a nucleic acid sequence 
having one or more nucleotide substitutions, one or more nucleotide deletions, and/or one or more 
nucleotide insertions, so long as tiie variant nucleic acid sequence substantially retains the activity of 
35 the original nucleic add sequence, or has sufBcient complementarity to a target sequence. 

A variant nucleic acid sequence can also hybridize with the target DNA or RNA , under 
stringency conditions as described above. A variant nucleic acid sequence also exhibits sufficient 
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conqplementarity with tiie target DNA or RNA of the original oligonucleotide or analog as described 
above. 

The present disclosure utilizes standard laboratory practices for the clonings manipulation 
5 and sequencing of nucleic acids, purification and analysis of proteins and other molecular biological 
and biochemical techniques, unless otherwise stipulated. Such techniques are explained in detail in 
standard laboratory manuals such as Sambrook et al (hi: Molecular Cloning: A Laboratoiy Manual^, 
Cold Spring Harbor, New York, 1989), CofBn et al {Retroviruses^ Cold Spring Harbor Laboratory 
Press, 1997) and Ausubel et aly Cwrent Protocols in Molecular Biology, Greene Publishing 
1 0 Associates and Wiley-Intersciences ( 1 987). 

Identifying Host Range Control Elements (HRCEs) 
A method is disclosed for identifying a HRCE in any retrovirus or retroviral vector. In one 
embodiment the retroviral vector is a siixq)le retroviruses, in another exanple, the retroviral vector is 

15 a mammalian or avian retroviral vector, for exanqile an ASLV or MLV an^ho. 

In one example^ a heterogeneous population of nucleic acid sequences, such as a library, can 
be prepared (or purchased from a commercial source) from a retroviral vector of interest whose 
HRCE is yet unidentified. For example, a library can be prepared by isolating nucleic acid from a 
retroviral vector, and digesting the nucleic acid with one or more restriction enzymes, using methods 

20 known to one skilled in the art (Sambrook et al. In: Molecular Cloning: A Laboratory Manuah Cold 
Spring Harbor, New York, 1989). The heterogeneous population of nucleic acid sequences is 
inserted into a second retroviral vector whose HRCE is functionally deleted. This functional deletion 
can be achieved by directly inserting the heterogeneous population of nucleic acid sequences into the 
HRCE of the second retroviral vector, for example using standard cloning techniques. This results in 

25 the production of a chimeric retroviral vector (referred to as the chimeric vector), because it contains 
nucleic acid sequences firom more than one retrovirus. The chimeric vector is tranfected into host 
cells of the second retrovirus, to determine if any heterogeneous nucleic acid sequence of the 
retrovirus whose HRCE is yet unidentified, can restore the functionally-deleted HRCE of the second 
retrovirus. The cells transfected are host cells of&e second retrovirus. If any heterogeneous nucleic 

30 acid fragment of die retrovims whose HRCE is yet unidentified restores the fiinctionally deleted 

HRCE of tbe second retrovirus, the chimeric vector will be replication competent in the host cells, for 
exanqjle as determined by RT activity (see EXAMPLE 2) or any method that demonstrates the virus 
is repUcating, for example monitoring the passages of a marker gene, such as an antibiotic resistance 
gene, or other cellular marker such as GFP or alkaline phosphatase. 

35 To identify the sequence of the nucleic acid sequence present in the chimeric vector that 

restored the functionally-deleted HRCE of the second retrovirus, standard sequencing methods can be 
used, for example dideoxy sequencing, dye termiaator sequencing, or direct sequencing using PCR 
(Sambrook et al. In: Molecular Cloning: A Laboratory Manual^ Cold Spring Harbor, New York, 
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1989). The insert is €ie newly identified HRCE of the letrovirus or retroviral vector whose HRCE 
was before uolaiowu. 

If no heterogeneous nucleic acid fragment of die retrovirus whose HRCE is yet nnidendfied 
can restore the functionally deleted HRCE of the second retrovirus, the chimeric vector will not be 
replication coixxpetent in the host cells. In this case, a new preparation of heterogeneous nucleic acid 
fragments can be prepared and tested (for exaiiQ>le by using a library prepared with a different 
restriction enzyme). 

In another exan^le, a chimeric vector can be transfected into non-host cells to identify 
additional HRCEs in the second retrovirus. If the chimeric vector has a poor replication competency 
in non-host cells, but allows for the production of some virions, HRCEs of the second retrovirus can 
be identified by performing short and/or long-term adaptations of the chimeric vector by passaging 
the virions between host cells and non-host cells xmtil a population of chimeric vector is obtained that 
is replication competent in the non-host cells. In one embodiment, a short-term adaptation is 
performed over a few passages, for exan^le at least 10 passages. In another embodiment, a long-term 
adaptation is performed over several passages, for exan^le at least one year or at least SO passages. 
To identify the nucleic acid sequence(s) present in the chimeric retrovirus that effectuated the 
alteration in host range of the second retrovirus, die retrovirus obtained after adaptation can be 
sequenced using standard methods known to those skilled in the art as described above. By 
con^aring adapted sequence to the wild-type (or starting) sequence of the second retrovirus, 
mutations are identified which function as HRCEs in the second retrovirus. 

The host cells of the present disclosure include any cell from any organism in which a 
retrovirus is replication competent Cells can be obtained directly from a sample from a subject, such 
as blood cell. Alternatively, cells are obtained from a commercial source, such as the American Type 
Culture Collection in Manassas, VA. In one exanple, a host cell is a neural cell, a vascular cell, a 
bone cell, a muscle cell, a tumor cell, a cancer cell, an immunological cell, an epidermal cell, a lung 
cell, a kidney cell, a cervical cell, a spleen cell, or a bone marrow celL 

Therefore, using the methods described herein, nucleic acid sequences suspected of being a 
HRCE can be tested, by determining if such sequences can rescue a retrovirus or retroviral vector 
having a functionally deleted HRCE. 



A method is disclosed for using HRCEs to alter the host range of a retroviral vector. In one 
example, the HRCE is not an envelope sequence, or a portion thereo£ In another ^canq>le, the HRCE 
affects RNA structure, such as KNA primary, secondary, tactiary, or quartemaiy structure. In one 
specific example, the HRCE affects RNA secondary structure. One specific example is described 
below, wherein methods were used to generate and identify ASLV vectors having an expanded host 
range and MLV anqiho vectors having a contracted host range. One skilled in the art will understand 
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that the examples provided hereia can be used to manipulate the HRCE in any retrovirus of interest, 
for exanqjle any sintple retrovirus. 

For example, the host-range of any sinq)le retrovirus, such as ASLV, MLV, SNV, MMTV or 
MPMV can be altered using the methods provided herein. Once the HRCE(s) of a retroviral vector of 
5 interest is identified, the host range can be controlled by functionally deleting the HRCE of the 

retroviral vector, for example using standard methods known to one skilled in the art (Sambrook ei al. 
In: Molecular Cloning: A Laboratory Manual^ Cold Spring Harbor, New York, 1989). In another 
embodiment, a functionally deleted HRCE can be replaced with anotiier HRCE, for exanq}le an 
HRCE firom another species of retroviral vector, to alter the host range of the retroviral vector of 

1 0 interest. The choice to generate a retroviral vector with an expanded or contracted host range will 
depend on the purpose for which the retrovirus is used. For example, to generate a mammalian 
retroviral vector for use in a mammalian cell it is of interest to have a retroviral vector with a 
contracted host range, such that the retroviral vector is no longer replication competent in a 
mammalian cell. In one example, the host range of a nnflminfllian retroviral vector is contracted such 

1 5 that it is replication defective in a mammalian cell, such as any cell from a mammalian subject, such 
as a mouse, human, or rat To develop an animal model for a human disease, the host range of the 
retroviral vector can be expanded. In one exanq)le, the host range of an avian retroviral vector is 
expanded such tiiat it is replication competent in a mammalian cell, such as a human, mouse, rabbit, 
pig, or rat cell. 

20 In yet another embodiment, as an alternative to deleting an entire HRCE sequence, a portion 

of the sequence can be deleted, as long as such a partial deletion destroys the function of the HRCE. 
In one embodiment, at least 50%, 60% or even 70% of an HRCE is deleted. In addition, the present 
method can be practiced by inactivating a HRCE using site-directed mutagenesis, for exanple using 
the techniques of linker-insertion, generation of nested sets of deletion mutants or cleavage of double- 

25 stranded closed circular DNA with pancreatic DNAse 1. Non-site directed mutagenesis can be used to 
inactivate a HRCE, for example by using transposon mutagenesis vnSx TnS. This me&od is useful for 
detecting and functionally deleting HRCE that lack the general characteristics of the currently 
characterized HRCEs. In another embodiment, tiie present method can be practiced by leaving in an 
HRCE and ligating into that HRCE sequence another sequence, such as another HRCE sequence 

30 derived from another retroviral vector. 

A method for generating a retroviral vector having an altered host range by functionally 
deleting a HRCE in a first retroviral vector, wherein the HRCE is not an envelope sequence or portion 
thereof is disclosed. In one exan^le, &e method further includes replacing tiie functionally-deleted 
HRCE with an HRCE from another, second, retroviral vector, thereby generating a chimeric retroviral 

35 vector. In yet ano^er example, the host range of the second retroviral vector differs from the host 
range of the first retroviral vector. 

The fimctionally-deleted HRCE can include a portion of a U3 region of an LTR. In one 
embodiment, the U3 region includes at least 15 or at least 96 nucleotides but no more than the entire 



wo 02/056668 




PCTAJSOl/50284 



22 



LTR lengthy such as 614 contiguous nucleotides of the MLV an^ho LTR. In one exmspley the 
functionally-deleted HRCE includes at least SO nucleotides having at least 70%, 80%, 85%, 90%, 
92%, 95%, 97%, 98%, or 99% identity to SEQ ID NO: 1, 2, or 3. In anotiber exan?)le, the 
functionally-deleted HRCE contains SEQ ID NO: 1, 2 or 3. Alternatively, the functionaUy-deleted 
5 HRCE contains at least 50 nucleotides, such as at least about 60, 70, 80, 90, 96, 100, 250, or 600 
nucleotides, that hybridize with a coniplement of a SEQ ID NO:l, 2 or 3, wherein hybridization 
conditions include wash conditions of 0.1 X SSC, 0.5% SDS at 62*=*C. 

In other exan^les, tiie HRCE of the second retroviral vector is a DR or portion thereof. For 
exan^le, the HRCE of tiie second retroviral vector can have at least 70%, 80%, 85%, 90%, 92%, 
10 95%, 97%, 98%, or 99% sequence identity to SEQ ID NO: 1, 2 or 3. Alternatively, the HRCE of the 
second retroviral vector contains SEQ ID NO:l, 2, or 3. In yet another example, HRCE of tiie second 
retroviral vector has at least 70%, 80%, 85%, 90%, 92%, 95%, 97%, 98%, or 99% sequence identity 
to SEQ ID NO: 1 1 or 13. Alternatively, tiie HRCE of the second retroviral vector contains SEQ ID 
NO:ll or 13. The maximum length of nucleic acid sequence that can be added to a retrovirus will 

1 5 depend on the virus, and can be determined using standard methods known to tiiose skilled in the art - 
For example, the maximum nucleic acid sequence length that can be inserted into ASLV is about 2.5 
kb, but is shorter for MLV. 

Also disclosed is a method of selecting for a retroviral vector having an altered host range 
over a short or long-term adaptation period. In one exan^le, a short-term adaptation period is about 

20 at least 10 passages, and a long-term adaptation period is about at least 50 passages of the retroviral • 
vector. This method for generating a retroviral vector having an altered host range includes 
functionally deleting a HRCE in a first retroviral vector with a first host cell range, and the HRCE is 
not an envelope sequence or portion thereof. A nucleic acid sequence from a second retroviral vector 
with a second host cell range is incorporated into first retroviral vector generating a third retroviral 

25 vector, which is used to transfect a third host celL Cell free supematant containing retroviral particles 
fiom tiie transfected tiiird host cell is collected and used to infect a fourth host celL A cell-fi:ee 
siq)ematant containing retroviral particles is collected firom the fourdi host celL In one exan^le, tiiis 
metiiod is repeated to select a population of retroviral particles tiiat is replication competent in tbe 
first host cell. In another exaxiq>le, the third and first host cell are fiximtfae same species and the 

30 fourth and second host cell are firom the same species. In yet another exan^le, the third and second 
host cell are firom the same species and the fourth and first host cell are firom the same species. 

A metiiod for generating an ASLV that is replication coixq>etent in mammalian cells is 
disclosed. The method includes functionaUy deleting a DR in ASLV, incorporating a nucleic acid 
sequence from a mammalian retroviral vector, such as MLV anq)ho, generating a chimeric retroviral 

35 vector, transfecting an avian cell, such as a chicken cell, with the chimeric retroviral vector and 

collecting a cell-fiiee supernatant containing chimeric retroviral particles from the transfected avian 
cell. The ceD-free supernatant containing the chimeric retroviral particles is then used to infect a 
mamma lian cell, such as a human cell. A cell-free siq^ematant containirsg chimeric retroviral particles 
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&om the maminalian cell is collected. This process can be repeated to select a chimeric retroviral 
vector that is replication competent in a mammalian cell. 

Also encompassed by the disclosure is a retroviral vector, and a retroviral vector 
incorporated in a retroviral particle^ having an altered host range obtained using the methods 
5 disclosed herein. In one example, the retroviral vector is no longer replication conq)etent, it is 

replication defective, in at least one native cell. For example, a retroviral vector that is not replication 
coropetent in a mammalian cell. 



Infection of Cells with Retroviral Vectors 
10 A cell infected with a retroviral vector described above. In one example, the cell is a 

mammalian or avian cell, such as a human cell or chicken cell, such as a non-human mammaUan cell, 
such as a mouse cell. In one embodiment a non-human mammalian cell is infected with any 
retroviral vector disclosed herein and the retroviral vector is integrated into tiie genome of the non- 
human mammalian cell, using mdixods known to one skilled in the art (Sambrook et ah In: Molecular 
1 5 Cloning: A Laboratory Manual^ Cold Spring Harbor, New York, 1989). 

A method is disclosed for transforming a cell in vitro or in vivo by contacting a cell with a 
retrovirus conprising a retroviral vector of the present disclosure including a transgene, where contact 
results in transducing the cell. A retroviral vector stably integrates into the cellular genome once it is 
introduced into cells. In one example, the retroviral vector is replication defective. In another 
20 example, the DNA of a retroviral vector is integrated into a chromosome of the cell. In another 

example, the retroviral vector contains a promoter operably linked to a transgene, such as a marker 
polypeptide or a therapeutic polypeptide. In yet another exarnple, no other viral vector, such as a 
helper vector, is introduced into the cell. This expression can be used to alleviate the symptoms of or 
even treat a disease. 

25 

Therapeutic Uses of Retroviral Vectors with an Altered Host Range 
The disclosed retroviral vectors can be used for introducing a nucleic acid sequence into a 
cell, using methods known to those skilled ia flie art (Sambrook et ah In: Molecular Cloning: A 
Laboratory Manual^ Cold Spring Harbor, New York, 1989). The transfer of nucleic acids, such as 
30 genes, into cells provides a means to det^znine gene function. Alternatively, the transfer of nucleic 
acids can be used to treat diseases of a genetic basis. In addition, gene transfer provides the basis for 
high-level protein expression, used by molecular researchers to study protein function and to produce 
new protein drugs. The introduction of genes iuto animals can also produce useful animal models of 
human diseases. 

35 In one example, mammalian retroviral vectors have a contracted host range, such that they 

are no longer replication competent in mammahan host cells, provide a safer vector for e^cpression of 
a transgene in a mammahan cell, such as a mouse or human cell. Alternatively, retroviral vectors 
have an expanded host range, for example when the host-range of an avian retrovirus is expanded 
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such that it is replication competent in non-host mammalian cells, can be used to generate animal 
disease models. 

A method for preventing, alleviating &e syxnpiams of, or treating a disease in a subject is 
also disclosed. The method includes introducing into a subject's cell a therapeutically effective 
5 amount of a retroviral vector disclosed herein, wherein the vector contains a transgene, the cell is 

unable to produce viral particles, the introduction results in the stable genetic transduction of the cell 
and expression of the transgene, and the expression of the transgene results in alleviating a symptom 
of the disorder or preventing the disorder. Disorders include, but are not limited to neurological, 
immunological, cardiovascular, muscular, cell proliferative, or genetic disorders. The expression 

10 vector can be introduced into a subject's cells ex vivo and the cells reintroduced into the subject 
Subjects of the present disclosure include mammals, such as Vrnmanf! and mice. 

In another exan:q)le, the method for treating a subject involves contacting a cell of the subject 
with a therapeutically effective amount of any retroviral vector disclosed herein, that is replication- 
defective and includes a transgene. Ck>ntact results in the retroviral vector integrating into a 

1 5 cbromosome of the cell and e>q>ressing the transgene in the cell, wherein the cell is not contacted wifli 
any other virus, and the e^qsression of1he transgene treats the subject. In one embodiment the. 
transgene is a therapeutic polypeptide or an antisense sequence. 

Pharmaceutical compositions containing a retroviral vector with an altered host range, 
wherein the vector contains a transgene, and a pharmaceutically acceptable carrier are disclosed. 

20 The retroviral vectors disclosed herein can be used for short-term (for exan^le for 

immunization) and long-term (for exanq}le for gene replacement therapy for missing or defective 
genes) expression of a transgene. The vectors can be used to deliver an immunogen to achieve an 
in^royed CTL response. 

25 Testing Retroviral Vectors with an Altered Host Range in Disease Models 

The retroviral vectors having an altered host range described hmin can be tested for their 
ability to express a transgene in vivo using mouse models which have been generated for various 
diseases. Mice which are functionally deleted for a gene are infected with a retroviral vector having 
an altered host range containing the missing gene. Mice are then screened for their ability to express 

30 the missing gene as a transgene, and for the ability of the transgene to correct the phenotypic affect of 
the transgene deletion. 

Use of Retroviral Vectors with an Altered Host Range to Disrupt Gene Expression 

A retroviral vector having an altered host range which includes an antisense molecule as the 
35 transgene is disclosed. In general, ftie antisense molecule binds complementarily to the target nucleic 
acid. Coniplementary binding occurs when the base of one molecule forms a hydrogen bond with 
another molecule. Normally the base adenine (A) is corc5)lementary to thymidine (T) and uracil (U), 
vAdle cytosine (C) is conqplementary to guanine (G). Therefore, the sequence 5*-TCGT-3* of the 
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antisense molecule will bind to ACUC of the target RNA, or 5'-ACTC-3* of the target DNA. 
Additionally, in order to be effective, the antisense and sense molecules do not have to be 100% 
con^>lementary to the target RNA or DNA. 

To design antisense oligonucleotides, the mRNA sequence &om a desired gene is examined. 
5 Regions of the sequence containing multiple repeats, such as TTTTTTTT, are not as desirable 
because they will lack specificity. Several different regions can be chosen. Of those, 
oligonucleotides are selected by the following characteristics: those having the best conformation in 
solution; those optimized for hybridization characteristics; and those having less potential to form 
secondary structures. Antisense molecules having a propensity to generate secondary structures are 
10 less desirable. 

Antisense nucleic acids are polynucleotides, and can be oligonucleotides (ranging from 6 to 
about 100 oligonucleotides). In specific aspects, the oligonucleotide is at least about 10, 15, or 100 
nucleotides, or a polynucleotide of at least 200 nucleotides* An antisense nucleic acid can be much 
longer. Generally, a longer complementary region will give rise to a molecule with higiher specificity. 

1 5 When retroviral vector having an altered host range is introduced into a cell, the cell sillies the 
necessary components for transcription of the therapeutic antisense molecule. 

The nucleotide can be modified at the base moiety, sugar moiety, or phosphate backbone, 
and can include other appending groins such as peptides, or agents ^cilitating transport across the 
cell membrane (Letsinger et al, Proc, Natl Acad. Set USA 1989, 86:6553-6; Lemaitre et al., Proc. 

20 Natl Acad. Set. USA 1987, 84:648-52; PCT Publication No. WO 88/0981 0) or blood-brain bander • 
(PCI Publication No. WO 89/10134), hybridization triggered cleavage agents (Krol et al, 
BioTechniques 1988, 6:958-76) or intercalating agents (Zon, Pharm. Res, 1988, 5:539-49). 

The antisense polynucleotide can be modified at any position on its structure with 
substituents generally known in the art. For example, a modified base moiety can be 5-fluorouracil, 

25 5-bromouracil, 5-chlorouracil, 5-iodouracil, hypoxanthine, xanthine, acetylc)4osine, 5- 
(carboxyhydroxylmethyl) uracil, 5-carboxymethylaminomethyl-2-thiouridine, 5- 
carboxymethylaminomethyluracil, dihydrouracil, beta-D-galactosylqueosine, inosine, N— 6- 
sopentenyladenine, 1-methylguanine, l-methyliaosine, 2,2-dimethylguanine, 2-methylademne, 2- 
methylguanine, 3-methylcytosine, 5-metiiylcytosine, N6-adenine, 7-me&ylguanine, 5- 

30 meAylanrinomethyluracil, melhoxyaminomediyl-2-thiouracil, beta-D-mannosylqueosine, 5 - 
methoxycarboxymethyluracil, 5-methoxyuracil, 2-methylthio-N6-isopentenyladenine, uracil-5- 
oxyacetic acid, pseudouracil, queosine, 2-thiocytosine, 5-methyI-2-thiouracil, 2-&iouracil, 4- 
thiouracil, 5-methyluracil, uracil-5-oxyacetic acid metfaylester, uracil-S-oxyacetic acid, 5-methyl-2- 
fiiiouracil, 3-(3-amino-3-N-2-carboxypropyl) uracil, and 2,6-diaminopurine. 

35 In another exan^le, the polynucleotide includes at least one modified sugar moiety such as 

arabinose, 2-fluoroarabinose, xylose, and hexose, or a modified component of the phosphate 
backbone, such as phosphorothioate, a phosphorodithioate, a phosphoramidothioate, a 
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phosphoramidate, a phosphordianudate, a methylphosphonate, an alkyl phosphotriester, or a 
fonnacetal or analog thereof. 

Catalytic nucleic acid and other oligomeric molecules can be designed which degrade target 
sequences and included in a retroviral vector having an altered host range of the disclosure. Such 
5 catalytic antisense molecules can contain conq>lementaiy regions that specifically hybridize to the - 
taiget sequence, and non-complementaiy regions which typically contain a sequence that gives die 
molecule its cata]3^c activity. Conjugates of antisense with a metal conoplex, e.g. teipyridylCu (II), 
capable of mediating mRNA hydrolysis, are described in Bashkin et aL, AppL Biochan Biotechnol 
1995, 54:43-56. 

10 A particular type of catalytic nucleic acid antisense molecule is a ribozyme or anti-sense 

conjugates, which may be used to inhibit gene e^qpression (PCT publication WO 9523225, and 
Beigelman et al Nucl Acids Res. 23:4434-42, 1995). Exan^les of oligonucleotides with catalytic 
activity are described in WO 9506764, WO 9011364, and Sarver et al. Science 247:1222-5, 1990. 
The relative ability of an oligomer such as a polynucleotide to bind to a con^)lementaiy 
1 5 strand is compared by determining the Tm of a hybridization corc^ilex of a polypeptide and its 

complementary strand. The Tni, a characteristic physical property of double helices, denotes the 
tenq)erature in degrees Centigrade at which 50% helical versus coiled (unhybridized) forms are 
present Base stacking, which occurs during hybridization, is accompanied by a reduction in UV 
absorption (hypochromicity). A reduction in UV absoiption indicates a higher Tn. The higiher tfie Tm 
20 the greater the strength of the binding of the hybridized strands. As close to optimal fidelity of base 
pairing as possible achieves optimal hybridization of a polynucleotide to its target KNA. 

Methods for in vivo Transgene Expression using Retroviral Vectors with an Altered Host Range 

A method is disclosed for expressing a transgene in vivo using a retroviral vector having an 
altered host range. Retroviruses can be used for in vivo gene expression because they have a high 
efGciency of infection and stable integration and expression (Orkin et al, 1988, Prog, Med. 
Gene/.7: 130-42). In one exan^le, the method is a metiiod for combating chronic infectious diseases, 
such as HIV, as well as non-infectious diseases such as cancer and birth defects such as enzyme 
deficiencies in a subject 

la one example, retroviral vectors having an altered host range axe generally constructed 
such that &e maj ority of sequences coding for the structural genes of the virus are deleted and 
replaced by the gene(s) of interest In a particular exanq>le, the structural genes (Le., gag, pol, and 
e/tv), are removed fiom the retroviral backbone using known genetic engineering techniques. 
Examples include digestion witii the appropriate restriction endonudease or, in some instances, with 
Bal 3 1 exonuclease to generate fifagmmts containing appropriate portions of the packaging signaL 
The transgene(s) of interest can be incorporated into the proviral backbone in several ways. In 1be 
most straightforward constmctions, the structural genes of the retrovirus are replaced by a single gene 
which then is transcribed under the control of the viral regulatory sequences within the LTR. 
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Retroviral vectors have also been constructed which can introduce more than one gene into target 
cells. Usually, in such vectors one gene is under the regulatory control of the viral LTR, while the 
second gene is expressed either off a spliced message or is under the regulation of its own, internal 
promoter. Alternatively, two genes may be e:q)ressed from a single promoter by the use of an Internal 
5 Ribosome Entry Site (IRES). 

Cells can be removed &om a subject having deletions or mutations of a gene, and then a 
retroviral vector having an altered host range (containing the therapeutic transgene) is introduced into 
the cell. These transfected cells will thereby produce functional transgene protein and can be 
reintroduced into the patient. Methods described in U.S. Patent No. 5,162,215 (Bosselman et al,) 

1 0 teach how to detect the presence and expression of a gene of interest in target cells. Methods 

described in U.S. Patent No. 5,741,486 (Pathak et al.) teach the use of viral vectors in gene therapy. 
Such methods can be applied to the retroviral vectors having an altered host range of the present 
disclosure, for example in in vivo expression of a transgene. 

In addition, the retroviral vectors having an altered host range can be introduced into a 

1 5 subject in vivo. The scientific and medical procedures required for noammalian cell transfection are 
now routine. For exanq)le, immunotherapy of melanoma patients using genetically engineered tumor- 
infiltrating lyniphocytes (TDLs) has been reported by Rosenberg et ah (N. EngL J. Med. 323:570-8, 
1990). There, a retroviral vector was used to introduce a gene for neomycin resistance into TILs. A 
similar approach can be used to introduce a transgene into a subject using the retroviral vectors 

20 disclosed herein. 

In some embodiments, the present disclosure relates to a method of treating subjects which 
underexpress a gene, or in which greater expression of a gene is desired. These me&ods can be 
accomplished by introducing a transgene coding for the underexpressed gene into retroviral vectors 
having an altered host range, which is subsequently introduced into the subject. 

25 In some of the foregoing examples, it may only be necessary to introduce the genetic or 

protein elements into only certain cells or tissues. However, in some instances (i.e. tumors), it is more 
therapeutically effective and simple to treat all of the subject's ceUs, or more broadly disseminate the 
vector, for example by intravascular administration. 

The retroviral vectors having an altered host range can be administered to a subject by any 

30 me&od which allows the vectors to reach the appropriate cells. These methods include injection, 
infusion, deposition, implantation, or topical administration. Injections can be intradermal or 
subcutaneous. 

In addition, retroviral vectors having an altered host range can be designed to use difTerent 
promoters to express die transgene. In one embodiment; a zetroviral LTR sequence can serve as a 
35 promoter for expression of the transgene. Thus, in one example, a therapeutic nucleic acid is placed 
under the control of a retroviral LTR promoter. In another embodiment, tiie transgene is operativeiy 
linked to a heterologous promoter (e.g. the CMV promoter). In yet another exan^le, the transgene is 
operativeiy linked to a tissue specific promoter (e.g. the immunoglobulin promoter), such that the 
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expression of the transgene occurs only in a tissue of interest Other suitable promoters vMch may be 
enployed include, but are not limited to, the gene's native promoter, any retroviral LTR promoter 
such as the RS V promoter; inducible promoters, such as tiie MMTV promoter; the metallotbionein 
promoter; heat shock promoters; the albumin promoter; the histone promoter; the a-actin promote^ 
5 TK promoters; B 1 9 parvovirus promoters; and Ihe ApoAI promoter. However the scope of the 
disclosure is not limited to specific transgeniss or promoters 

Ex Vivo Transfection of Cells 

Ex vivo methods for introducing a retroviral vector having an altered host range involve 

1 0 removing a cell or tissue (such as a graft) from a subject and subsequently transducing the cell ex 

vivo, and then introducing the cell into the subject. For example, retroviral vectors having an altered 
host range can be used to treat autologous cells isolated from a subject In one exarrq^le, the cells are 
obtained or cultured from a subject such as lymphocytes, macrophages or stem cells. Alternatively, 
the cells can be heterologous cells such as those stored in a ceU baidc (e.g., a blood bank). 

15 In one embodiment, the cells are T cells. Several techniques are known for isolating T cells. 

In one method, FicoU-Hypaque density gradient centnfr^ation is used to separate PBMC from red 
blood cells and neutrophils according to established procedures. Cells are washed with modified 
AIM-V (which consists of AIM-V (GIBCO) witii 2 mM glutamine, 10 fig/ml gentamicih sulfete, 50 
pg/ml streptomycin supplemented with 1% F6S). Enrichment for T cells is performed by negative or 

20 positive selection with appropriate monoclonal antibodies coupled to colimins or magnetic beads 

according to standard techniques. An aliquot of cells is analyzed for desired cell surface phenotype 
(e.g., CD4, CDS, CD3, CD 14, etc.). Transduced cells are prepared for reiniusion according to 
established methods. See, Abrahamsen et aL, J. Clin, Apheresis 6:48-53, 1991; Carter et aL^ J. Clin. 
Arpheresis 4:113-1, Aehtisold et aL, J, Immunol. Methods 112:U7, 1988; Muul e/c/., J. 

25 Immunol Methods 101:171-81, 1987; and Carter et aL, Trca%sfiision 27:362-5, 1987). 

In another exan^le, retroviral vectors having an altered host range can be used to treat a 
heterologous graft which is then transplanted into a subject For exan^le, retroviral vectors having an 
altered host range can be used to infect a liver, which is subsequently transplanted into a subject 
requiring a liver transplant Alternatively, the graft can be a bone marrow graf^ lung graft, heart 

30 grafi,]ddney graft, bone graft, or vascular graft. 

In Vhfo Transfecdoti of Cells 

Retroviral particles containing a retroviral vector having an altered host range including a 
transgene encoding a ^erapeutic protein can be administered directly to a subject for transduction of 
35 cells in vivo. Administration is by any of the routes normally used for introducing a molecule into 
cells. The packaged nucleic acids are administered in any suitable manner, such as with 
phannaceutically acceptable carriers. Suitable methods of administering such packaged nucleic acids 
in the context of the present disclosure to a subject are available, and aldiough more than one route 
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can be used to adniimster a particular composition, a particular route can often provide a more 
immediate and more effective reaction than ano&er route. 

In determining the effective amount of a retroviral vector having an altered host range to be 
administered in the treatment of a disease, the physician or other clinician evaluates symptom or 
5 clinical parameters, including the progression of the disease (and other factors listed above). In 

general, the dose equivalent of a naked nucleic acid from a vector is &om about 1 p.g to 100 ^g for a 
typical 70 kilogram subject. 

EXAMPLE 1 

1 0 Cell Culture and Transf ection 

C£F cells are non-transformed chicken fibroblast cells that can be used as host cells to grow 
avian-derived retrovimses, and can be passaged up to about 30 times. CEF cells were cultured from 
1 1-day embryos of "line 0" chickens (Whitcomb et al, J. Virol 69:6228-38, 1995) and maintained in 
Dulbecco's modified Eagle's medium (DMEM; GIBCO, BRL) supplemented with 5% fetal bovine 

15 serum (FBS), 5% newborn calf scrum (NSS), 3% tiyptose phosphate brotli, 100 U/ml penicilhn and 
100 Jig/ml of streptoni/cin. DF-1 cells, a continuous non-transfoimed cell line derived from EV-0 
chicken erobryo fibroblasts which are permissive for RCASBP viruses (Himley et aL^ Virology 
248:295-304, 1998; Schaefiier-Klein a/.. Virology 248:305-11, 1998), were cultured identically to 
CEF cells. 

20 Other suitable host cells for avian-derived retroviruses include any avian derived cells, 

including, but not limited to: QT6, a chemically transformed quail fibroblast cell line (American Type 
Culture Collection (ATCQ, Manassas, VA #CRL-1708) chicken bursa lymphoblast cells (ATCC 
#CRL-21 12 and 21 1 1), turkey cells (ATCC #CRL-1835), duck cells (ATCC #CCL-141) as well as 
any cultured, transformed or non-transformed avian cell, such as chicken fibroblast cells, chicken 

25 liver cells or chicken epidermal cells. 

The human embryonic kidney cell line 293 can be used as host cells to grow mammalian- 
derived retroviruses, such as MLV. The promoter in the ALV LTR is efficiently transcribed in 293 
cells. The 293 cells were grown in D-MEM si^plemented with 5% calf serum, 5% fetal calf serum 
(PCS) and Pen-Strep. The 293R(A) and 293R(B) cells are puromycin-resistant 293 cells stably 

30 transfected wi^ the gene for either the ALV subgroup A (tva) or B (tvb) receptors. The 293R cells 

were generated as follows: 293 cells (ATCC, #CRL-1573) were transfected using CaPOa with 2 fig of 
the plasmid pPux encoding puromycin-N-acetyl-transferase (Clonetech) and 20 fig of plasmid 
pKZ261 (a pCB6 expression plasmid encoding a synthetic Tva gene, Belanger et aL^ J, Virol 
69:1019-24, 1995) or 20 fig of plasmid pBK7.62 (an expression plasmid encoding a synthetic Tvb 

35 gene, Brojatsch et a/., CelU 87:845-55, 1996). Transfected cells were selected after 24 hoiirs with 
medium containing 0.5 fig/ml puromycin. 293R(A) and (B) cells express the avian receptors at high 
levels and can be infected with subgroup (A) and (B) ASLVs, respectively. The growth medium for 
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tiiese cells contains 1 ^g/ml puron^cin which helps mamtani the receptor genes. Cells were passaged 
using Trypsin-DeLarco medium (Quahty Biological, Inc., MD). 

The 3T3 cell line is a continuous cell line established from disaggregated Swiss mouse 
embryo cultures. The 3T3 cells were grown in DMEM supplemented with 5% calf serum, 5% FCS 
5 and Pen-Strep. 

Other mammalian cells which can be used the practice the disclosed method include, but are 
not limited to HeLa cells, SW-527 human cells (ATCC #7940), WISH cells (ATCC #CCL-25), Daudi 
calls (ATCC #CCL-2 13), Mandin-Darby bovine kidney cells (ATCC #CCL-22) and Chinese Hamster 
ovary ceUs (ATCC #CRL-2092). 

10 Yeast cells that can be \ised include Pichia pastoris (ATCC #201 178) and i^. cerevisiae 

(ATCC #46024). Insect cells include cells from £>. melanogasier (ATCC #CRL-10191), the cotton 
bollworm (ATCC #CRL-9281) and from Trichoplusia ni egg cell homoflagelates. Fish cells that can 
be used include those from rainbow trout (ATCC #CLL-55), salmon (ATCC #CRL-1681) and 
Zebrafish (ATCC #CRL-2147). Amphibian cells that can be used include those of the Bullfrog, Rana 

1 5 caiesbelana (ATCC #CLL-41). Reptile cells that can be used include those from Russell's Viper** 
(ATCC #CCL-140). Plant cells that can be used include Chlamydomonas (ATCC #30485), 
Arabidopsis (ATCC U54069) and tomato (ATCC #54003). 

Transfections were preformed using the calcium phosphate noethod of Wigler et aL (jProc 
Nad. Acad ScL U.SA. 76:1373-6, 1979) using 10 to 20 ^g of Qiagen-pmifred DNA per 100 mm dish 

20 and using a glycerol shock four hours after the precipitate was added. The transfected cells were - 
passaged to confluence. Prior to passage, the culture stqsematant was collected, cleared by 
centrifrigation at 1500 xg for 10 minutes and stored at -70^C for later analysis. 

EXAMPLE 2 

25 Generation of a Mini-Library of DR-deleted ASLV containing MLV ampho inserts 

The RCAS vectors (replication conqjetent ALV with a splice acceptor) are risplication 
con^etent avian retroviral vectors based on RS V. RCAS was constructed by removing the src gene and 
the i^stream direct repeat (DR) that lies between env and src from a molecularly cloned SR-A strain of 
RSV (DeLorbe et aL, J, Virol 36:50-51, 1980; Hughes and Kosik. Virology 136:89-99. 1984). RCAS 

30 retains the jrc splice acceptor and the downstream DR. A unique Clal site was inserted at the site of the 
src deletion to &ciUtate tiie cloning and ^xpiessioa of genes of interest The RCASBP vectors contain 
the pol gene from the Bryan high titer stram of RSV (Sudol et al.. Nucleic Adds. Res. 14:2391-405, 
1986; Petropoulos and Hughes, J. Virol 65:3728-37, 1991). 

A schematic diagram of the g^iieration of a DR-deleted ASLV containing MLV inserts is shown 

35 in FIG. 1. A DR-deleted version of RCASBP(A) (A refers to Ihe class of receptors used by the virus) 

was created by removing a 72-bp sequence (containing the conserved region of the DR) located between 
the unique Mlul and Bsu36I sites from the 3' UTR. This sequence is located between the env gene and 
the polypurine tract (ppt) and is required for normal viral growth. The resulting vector. 
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RCASBP(A)ADR, is replication defective in both avian and mammalian cells. To facilitate the cloning 
of blunt ended restriction fragments, RCASBPADR was linearized with Clal and tiie ends of flie DNA 
made blunt with T4 DNA polymerase and dephosphoiylated widi shrinqj alkaline phosphatase (AP) 
(Boehringer Mannheim) to inhibit re-ligation of flie vector. 
5 An amphotropic murine leukemia virus (MLV an^ho) genomic clone (pRR145: Ferris, Master's 

Thesis from Hood College entitled: Analysis of the avian sarcoma-leukosis virus DR, an RNA element 
essential for viral replication: Complementation and spontaneous mutations restore replication in a viral 
vector lacking the DR, 2000; Shinnick ei al. Nature 239:543-8, 1981; Ott et aL, J. Virol 66: 6107-16, 
1992), which grows efficiently in murine, avian, and hmnan cells, was digested into small, blunt ended 

1 0 fragments using Alul, BstUI, and Dpnl in three separate reactions. The resulting DNA fragments were 

ligated into the blunt ends of the Qal cut, T4 DNA polymerase treated RCASBP(A)ADR. This Ubraiy of 
chimeric vectors contains fragments of pRR145 in the 3' UTR of RCASBP(A)/:^R at the site normally 
occupied by the DR. The ligation mixtures were used to transfomi E. coli DH5a conopetent cells (Life 
Technologies, Gaithersbui^, MD). Individual bacterial colonies were recovered from plates, pooled, and 

1 5 grown together in liquid culture. Plasmid DNA was extracted and purified using the Qiagen maxi 

plasmid pxirification procedure (Qiagen, Inc., Valencia, CA). This DNA constituted a "mini-library" of 
DR-deleted ASLV-containing MLV inserts (referred to as RCASBP<A)ADRMLV). 

EXAMPLES 

20 Selection of Replication Competent Clones in Avian Cells 

Removal of tilie conserved region of DR RCASBP results in a virus that-can no longer 
replicate in chicken cells. To determine whether sequences from an amphotropic MLV genomic 
clone can functionally replace the DR sequence removed from the replication defective vector, 
RCASBP(A)ADR (FIG. 1), a selection method was developed. 

25 The plasmid "mini library** of RCASBP(A)ADR containing MLV anq)ho inserts obtained in 

EXAMPLE 2 (RCASBP(A)ADRMLV) was transfected into avian DF-1 cells using CaP04 as 
described above in EXAMPLE 1. Transfected cells were passaged and viral growfli monitored by 
assaying for reverse transcriptase (RT) activity in oell-free supematants. The presence of RT activity 
demonstrates that the cells are transformed and the retroviral vector is replicating within flie 

30 transformed cells. Culture supematants were collected and centrifuged at low speed (3000 rpm) to 
remove cells and debris. Culture supernatant (1 ml) was centrifuged at 4°C for 30 minutes at the 
maximum speed in an EPPENDORF™ tabletop centrifuge. The supernatant was completely 
aspirated and 100 ^il of reaction buffer (50 mM Tris, pH 8.0, 20 mM DTT, 12 mM Mga2, 60 mM 
NaQ, 0.1% NP-40, 0.25 U/ml rCdG template-primer, 0.1 mM dGTP, and 10 ^Ci ^^P-labeled 

35 dGTP/ml) added to the tube. Reactions were incubated for one hour at 37°C, combined with 200 ^il 
of 0.2 M sodium pyrophosphate buffer containing salmon sperm DNA<:airier» and TCA precipitated 
onto glass fiber filters. The reaction was assayed for RT activity by measuring the amount of '^P- 
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labled dGTP incorporated onto acid-precipitable material, using an oIigo(dG) piimer and a poly(rC) 
ten^late, using a Packard TriCarb scintillation acid-precipitable material. 

At passage four, detectable levels of RT activity were observed. Infected cultures derived 
from the original transfections were continuously passaged. In addition, cell-free culture supematants 
5 containing virus were used to infect fresh DF-1 cells. The chimeric virus, RCASBP(A)^R 
containing MLV ampho inserts, was rephcation conipetent in DF-1 cells and transfer of viral 
supeniatants to previously uninfected cells allowed for the selection of the most infectious (best- 
adapted) virus. 

10 EXAMPLE 4 

Identification of an MLV ampho Sequence that Promotes Viral Replication 
To identify flie MLV sanpho sequence(s) that conferred to RCASBP(A)/mR the ability to be 
rephcation conq^etent in avian cells, copies of the viral genome were obtained from infected cells. 
Unintegrated linear and circular DNA copies of the viral gmome were present in the cytoplasm 36-48 

1 5 hours after retroviral infection. These unintegrated viral DNAs were produced by infecting fresh DF- 
1 cells with the cell-free viral supernatant from a culture of DF-1 cells that had been transfected with 
RCASBP(A)ADRMLV (EXAMPLE 2) and was producing virus. Supematants containing infectious 
virus were used to make Hirt DNA (Hirt, J. MoL Biol 26:365, 1967). 

Following infection (36-48 hours), copies of the viral genome and oth^ small DNAs were 

20 isolated, by lysing the cells m pH 7.5 buffer containmg 0.6 % SDS, 10 mM EDTA and 50mM Tris. 

Following an overnight incubation at 4°C in the presence of 1 M NaQ, genomic DNA and SDS were 
removed by centrifiigation. Small DNAs, including small circular viral genomes, are retained in flie 
supernatant The supematant was extracted twice with phenol-chloroform, once with chloroform, and 
ethanol precipitated. 

25 The resulting DNA was used as a substrate for specific an:5)lification of viral sequences. To 

ampUfy the DNA sequences cloned into the I site of tibe replicating vmis, the following primers 
were used: 5'-GAGCTGACTCTGCTGGTGCC-3' (SEQ ID NO: 6) and 5*- 

CCCCCTCCXn-ATGCAAAAGCG-5' (SEQ JD NO: 7). These primers anneal to the RSV sequence 
on either side of the Cla I site. PGR conditions were 30 cycles of: 40 seconds at 90°C, 1 mmute 20 

30 seconds at 59°C, and 30 seconds to 1 mmute at 72**C Ihe PGR product was gel purified and the 

region of tiie PGR fragment containing tiie MLV insert sequenced in both directions. Sequencing was 
performed using an automatic cycle sequencing machine and a PRISM™ READY REACTION™ 
dideoxy cycle sequencing kit (AppHed Biosystems, Foster City, CA). Sequencmg reactions were 
analyzed with an automated 373A DNA sequencer (Applied Biosystems). 

35 Alternately, PGR can be performed using crude cell lysates instead of preparing Hirt DNA. 

For exangjle, two )x\ of the loose cell pellet is added to eight iH of a lysis buffer (IX PGR buffer with 
0.1% Triton X-100). To dismpt the cells, the suspension is overlaid with 200 \il of parafiBn oil and 
sonicated with a VIBRAGELL ™ sonicator (Sonics and Materials, Inc., Danbmy, Coim.) equipped 
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Avith a microprobe at level 3 for 15 seconds. The emulsion is centiifuged at the maximum speed in a 
refiigerated EPPENDORF™ tabletop centrifuge for 10 minutes to separate the phases, and 1.5 |til of 
the aqueous phase was used in the PGR reaction. 

The MLV an^ho insert that conferred to RCASBP(A)ADR the ability to be replication 
5 competent in avian cells, was about 200 nucleotides in length (the 196 bp sequence shown in S£Q ID 
NO: 2), and is referred to herein as the 200-bp insert. The sequence derived from a portion of the U3 
region of the MLV LTR and is bordered by Alul recognition sites in the MLV genome but does not 
include the Alul sites (FIG. 2). The short sequences between the 200-bp insert and the Alul sites 
were apparently lost during cloning and selection. 

10 

EXAMPLES 

RCASBP(A)ADRU3 is Replication Competent in Avian Cells 
To prepare a molecularly cloned version of the chimeric virus, the 200-bp insert (SEQ ID 
NO: 2) identified in the replicating chimeiic virus in EXAMPLE 4 was PGR amplified using pRR145 
1 5 MLV as a template and the primers and PCR conditions described in EXAMPLE 4. The resulting 
product was ligated into RCASBPADR that had been cleaved with Clal and treated with sfarin^) AP. 
The resulting vector, RCASBP(A)ADRU3, was transfected into DF-1 cells as described above. 

RCASBP(A)^RU3 required two viral passages in DF-1 cells before RT activity 
approached that of the wild-type RCASBP. Hirt DNA was prepared from cells infected with the 
20 .passaged viras and the region containing the U3 insert PCR amplified and sequenced as described in 
EXAMPLE 4. Sequence results showed that the upstream half of the MLV U3 insert was lost during 
passage. As shown in FIG. 3, the insert sequence was reduced to 96-bp tSEQ ID NO: 1) and the 38- 
bp dowzistream flanking sequence (SEQ ID NO: 10) present in die original isolate was retained. 

The experiment was repeated with constracts that included the flanking sequences at each 
25 end of the U3 fragment To generate RCASBPA(A)DRU3F, the MLV U3 fragment and flanking 
sequences w^e PCR amplified from Hirt DNA isolated from DF-1 cells infected with 
RCASBP(A)ADRU3 using the methods described in EXAMPLE 4. PGR primers were used tiiat 
anneal to the flanking sequences and encode Clal sites at each end of the fragment (5* 
GGCATCGATCCTGAATGTGGGCCGGGC 3' (SEQ ID NO: 14) and 5' 
30 CGCATCGATCTGAATATGGGCCAAACAGG 3' (SEQ ID NO: 15)). The resulting fragment was 
digested with Clal and ligated into RCASBP(A)ADR digested with Clal and treated with shrinq) AP. 

RCASBPZ©RU3F also required two passages before wild-type levels of RT activity were 
observed. The passaged virus contained a deletion in the i:^)stream portion of the U3 insert similar to 
the deletion in passaged RCASBPADRU3. RCASBPADR vectors containmg the U3 fragment in the 
35 antisense orientation foiled to replicate. 
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EXAMPLE 6 
RCASBPADRMLV has an Altered Host Range 
Wild-type avian retroviruses such as ASLV do not replicate in mammalian non-host cells. 
5 The viral envelope-cellular receptor interaction in^oses the initial constraint on viral entry. For 
ASLVs vriAi subgroup (A) or (B) envelopes, this block can be overcome by infecting mammalian 
cells tiiat express the cloned avian subgroup A or B cellular receptors. Viral DNA can also be 
transfected directly into mammalian cells. 

To determine whether substitution of MLV aii^ho sequences into RCASBP(A)ADR would 
1 0 enhance the ability of the virus to be replicate con^etent in mammalian cells, cell free supematants 
from DF-1 cells transfected with RCASBP(A)ADRMLV (EXAMPLE 2) were used to infect 
mammalian 293 cells that e^qiress the avian subgroup A receptor, 293R(A) cells. 

RCASBP(A)ADRMLV replicated, albeit poorly, in mammalian 293R(A) cells. In contrast 
to the original RCASBP(A) avian virus, transfection of the chimeric virus RCASBP(A)ADRMLV into 
1 5 mammalian cells resulted in the production of viral particles. Therefore, MLV arapho insert altered 
the host range of RCASBP by expanding the host range of RCASBP. Although 293R(A) cells 
produced only low amounts of infectious virus, the number of infectious virions was an^lified by 
growing the virus in DF-1 cells. After one passage of the viral stock on 293R(A) cells, culture 
supematants from infected 293R(A) cells were transfeired back to DF-1 cells. Culture supematants 
20 . from these infected DF-1 cells were used to infect fresh DF-1 cells for the production of Hirt DNA. 

The region containing the insert was an^lified and sequenced as described in EXAMPLE 4. 
Half of tiie original U3 insert and the downstream flanking sequence were retained by the virus (SEQ 
ID NO: 1). Viral passage of cell-free supematants between 293R(A) and DF-1 cells was used to 
select for an adapted virus that was replication competent in both cell types. After four viral passages 
25 between DF-1 and 293R(A) cells, Hirt DNA was prepared and ttie insert sequenced (see EXAMPLE 
4). The portion of the RCASBP vector between env and the CM site and the first 100 bases of the 
original U3 fragment were deleted, reducing the insert to 96 bp (FIG. 3 and SEQ ID NO: 1). The 96 
bp fragment corresponds to a part of the U3 region of the MLV ampho LTR, upstream of the 
•TATA** box. 

30 Passage of the RCASBP(A)ADRU3F viral supematants (see EXAMPLE 5) between DF-1 

and 293R(A) cells selected the same deletion of the upstream half of the U3 insert The downstream 
96-bp of the U3 insert and about 38-bp downstream flahldDg sequence were retained (FIG. 3). 

EXAMPLE? 

35 Generation and Expression of RCASBP(A) ADRTrU3F in Avian and Non-Avian Cells 

The sequences retained in the U3 insert of the passaged virus were used to create a vector 
containing the 96-bp MLV US fragment (SEQ ID NO: 1) and the downstream flanking sequence 
(SEQ ID NO: 10). 
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A segment containing the 96-bp insert was amplified by PGR ftx)m Hirt DNA (see 
EXAMPLE 4) containing adapted RCASBPADRU3F, using primers that flank the unique upstream 
SaU and Clal site (5*-ATGTTTCCAGGGTGCCCCAA-3' (SEQ ID NO: 4) and 5'- 
AGCAGAAGCGCGCGAACAGAA-3' (SEQ ID NO: 5)). Other primers can be used, .^ropriate 
5 flanking primers are chosen using the sequence information in SEQ ID NO: 1 and SEQ ID NO:3. 

Such primers flank the sequence to be synthesized, one primer complementary to the 3' - S' strand and 
the other primer complementary to the S' - 3' strand, and should be about 12 to 30 nucleotides long. 

The aii5)lified ?6-bp fragment was ligated mto tiie C/al site of RCASBPADR. The resulting 
construct, RCASBP(A)ADRTrU3F, was transfected into DF-1 cells and produced levels of RT 
1 0 activity equivalent to RCASBP(A). 

Cell free viral supematants from DF-1 cells producing RCASBPADRTrU3F virus were used 
to infect 293R(A) cells. Low to no levels of RT activity were detected in 293R(A) culture 
supematants and the infection did not spread in 293R(A) cell cultures, indicating &at 
RCASBP ADRTrU3F did not replicate in mammalian cells unlike adapted RCASBPADRU3F or 
1 5 adapted RCASBP ADRMLV which were replication conq}etent through at least one generatioiL 

EXAMPLES 
Mutations in -^a^ Alter the Host Range 
The inability of RCASBPADRTrU3F to replicate in 293R(A) cells indicated tiiat during 
20 — selection, changes occurred in the viral genome in areas other than the 3* UTR. Modifications in the 
gag gene were investigated. Gag proteins are involved in the specific packaging of viral RNA. 
Mutations that alter gag may affect the recognition or packaging of viral RNA by chaining RNA 
structure or the amino acid sequence of ^ag. 

Hirt DNA prepared from cells infected with virus from the uncloned RCASBPADRMLV 
25 stock that had been adapted and amplified on DF-1 and 293R(A) cells was used as die template for 
anq)lification of gag. Segments spanning Sad to SacII (using primers 5' 
CCGTCGGAGGGAGCTCCAGG 3* (SEQ ID NO: 16) and 5' 

GGGCTGGATAGCAGACGACATGG 3' (SEQ ID NO: 17)) and SacH to Hpal<using primers 5' 

CGGATCAAGGCATAGCCGCGGCC 3' <SEQ ID NO: 18) 5' 
30 GGCGCCCCCTGTTGGACGGCCCC 3* (SEQ ID NO: 19)) were amplified from the gag gene using 

the methods described in EXAMPLE 4. The wild-type gag gene was deleted from 

RCASBP(A)ADRTtU3F (EXAMPLE 7) digested with Sad and Hpal and replaced with the gag gene 

obtained from the adapted vims in a three piece ligation. 

The resulting viral vector, RCASBP(A)ADRTrU3FNg, was transfected into DF-1 cells and 
35 wild type levels of RT activity were detected at an early ceU passage. Cell-free supematants from 

DF-1 cells producing RCASBP(A)ADRTrU3FNg were used to infect 293R(A) cells. In contrast to 

the results obtained with fee RCASBP<A)ADRTrU3F virus with an unmodified gag gene, high levels 
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of RT activity were detected. Theiefore, flie host range of RCASBP(A) was altered by mutations in 
gag allowing the virus to be replication conq)etent in mammalian cells. 

Alfliough RCASBP(A)AbRTrU3F and similar vectors containing wild-type gag sequences 
grew well on DF-1 cells, 293R(A) cells infected with these viruses did not produce detectable levels 
of RT activity (thus the virus was not replication competent in these cells). The sequence of gag 
derived from the adapted virus was compared to that in RCASBP(A)ADRTrU3F. Six pomt mutations 
were observed in gag derived from the short-term adapted virus (FIG. 4, SEQ ID NO: 1 1). As shown 
in Table 1 (mutations 1-6), four mutations resulted in silent changes (no change in the amino acid 
sequence), and two replaced Ala residues with a Val and Thr. Therefore, the changes in gag are 
likely to affect RNA structure and have less influence on the stracture and function of gag proteins. 
Five mutations were located in the MA coding region and one was downstream from the end of MA 
(FIG. 4). No mutations were observed in other parts of gag. 



Table 1: Summary of the point mutations in gag 



Mutation Number 


Nucleic Acid Mutation 


Resultiag Amino Acid Change 


1 


GCG to GTG 


Ala to Val 


2 


GATtoGAC 


Asp (no change) 


3 


GCA to ACA 


Ala to Thr 


4 


GTT to GTC 


Val (no change) 


5 


GAG to GAA 


Glu (no change) 


6 


CACtoCAT 


His (no change) 


7 


GGG to GAG 


Gly to Glu acid 


8 


GTGtoGTA 


Val (no change) 



1 5 Eight point mutations were acquired m gag of RCASBPADRMLVU3 durmg adq>tations on DF-1 and 
.293R(A) cells. All nucleotide substitutions were transitions. 



20 



25 



30 



Ihe vector RCASBP(A)ADRNg was constmcted as a cioxiing intexnoediate. This construct 
includes tiie gag sequence derived from the short-term adapted virus (SEQ ID NO: 1 1) but contains 
no DR element Transfection of RCASBP(A)ADRNg into DF-1 cells resulted in the production of a 
vmis that replicated to about 20% of wild-type levels as measured by RT activity. The virus did not 
replicate in 293R(A) cells. Therefore, mutations in gag (SEQ ID NO: 1 1) cause stmctural changes in 
viral RNA which partiaDy substitute for the DR, and influence viral replication. 

RCASBP(A)ADRTrU3FNg was modified to produce RCASBP(A)ADRNgl.9. In the 
process of adaptation, the viral sequence between env and Clal (which incliides a splice acceptor) and 
the env sequences coding for the last three amino acids of the envelope transmembrane jsrotein were 
lost The virus included the entire env, tiie region containing the splice acceptor, and a unique Cla I 
site. The vector also contained a modified gag (SEQ ID NO: 1 1), as well as the 96-bp fragment from 
MLV (SEQ ID NO: 1) and 38-bp of downstream flanking sequence (SEQ ID NO: 10) in place of the 
deleted DR(nG.5A). 

RCASBP(A)ADRNgl-9 replicated as efficiently as wild-type RCASBP(A) in DF-1 cells and 
resulted in high levels of RT activity in 293R(A) ciilture supematants, demonstrating diat virus 
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particles were now produced in nianunalian cells, and thus had an expanded host range for at least one 
replication cycle. However, the infectivity of the virus released by 293R(A) cells was low con^ared 
to the virus released fromDF-1 cells. In addition, transfection of RCASBP(A)ADKNgl-9 DNA into 
293R(A) cells did not initiate an infection tiiat could spread through the culture. 
5 To detennine whe&er altering the envelope proteins could improvQ the infectivity of 

particles produced by 293R(A) cells, the subgroup (A) envelope in RCASBP(A)ADRNg 1-9 was 
replaced with the avian subgroup (B) envelope and the adapted (M2C) amphotropic MLV envelope 
(Barsov and Hughes, J. Virol 70:3922-9 1996). The resxilting viral clones (RCASBPADRNgl-9B 
and RCASBPADRNgl-9M2C) were transfected into DF-1 cells and the infectious virus stocks 
1 0 produced by DF-1 cells transferred to 293R(B) or 293 cells, respectively. The results paralleled those 
observed with the (A) virus. Although RT activity was detected in the culture supematants of infected 
293R(B) and 293 cells, the virions produced were poorly infectious and did not eiHciently transfer the 
infection to fresh 293R(B) or 293 cells. 



15 EXAMPLE 9 

Generation and Expression of RCASBP(A)ADRNgl-9gfp 
To easily monitor viral infection, green fluorescent protein (GFP, Genbank accession no. 
U55761) was cloned into the Qal site of RCASBP(A)M>RNgl-9 (EXAMPLE 8) using standard 
cloning methods (Qontech, Palo Alto, CA, pEGFP-1). 

20 DF-1 and 293R(A) cells infected with RCASBPADRNgl-9gQ> (FIG. SB) expressed GFP as 

detected by fluorescence microscopy. However, the virus was not serially passaged from 293R(A) to 
293R(A) cells. The gfp gene was also cloned into RCASBPADRNgl-9B and 1-9M2C (EXAMPLE 
8). The 293R(B) and 293 cells infected with supematants from DF-1 were bright green, but 
supematants from these cells did not efiSciendy transfer infection (fluorescence) to 293R(B) or 293 

25 cells, respectively. This analysis confirmed that replacing the (A) envelope with a (B) or (M2C) 

envelope did not markedly enhance tiie infectivity of virions produced by 293 cells. Therefore, the 
inability of RCASBPM)RNgl-9 virus generated by 293 cells to transfer infection to 293 cells is not 
related to the envelope glycoproteins or is common to all the envelopes tested. 



30 EXAMPLE 10 

Long-Term Selection of Viruses with an Altered Host Range 
Short-term selection by passage of the chimeric RCASBP(A)ADRMLV (EXAMPLE 6) 
between DF-1 and 293R(A) cells allowed for the selection of mutations in gag that increased the 
release of virus particles by 293R(A) cells (EXAMPLE 8). Therefore, RCASBP(A)ADRNgl-9g§) 
35 (containing die gag mutations resulting from short-term adaptation) was passaged between fbese ixtU 
lines to select for furdier changes in the viral genome that enhance the infectivity of die particles 
produced by 293R(A) cells. DF-1 cells were transfected with RCASBP(A)ADRNgl-9g^ and the 
viral stq>ematants from these cells used to infect 293R(A) cells. 
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EXAMPLE n 
Southern Analysis of Infected 293R(A) Cells 
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Southern blot analysis was performed on genomic DNA from infected 293R(A) cells to 
detennine whether the provirus was intact in these cells (FIG. 7). Genomic DNA was isolated from 
infected DF-1 cells, from 293R(A) cells infected with viral supematants from DF-1 cells, and from 
cells infected after two more passages of the virus from 293R(A) cells to 293R(A) cells. Genomic 
DNA was extracted using standard techniques (Sambrook et al. In: Molecular Cloning: A Laboratory 
Manual^ Cold Spring Harbor, New York, 1989) or a Qiagen blood and tissue DNA extraction kit 
according to the manufacturer's instmctions. 

Genomic DNA (10 pg) was digested overnight with EcoRI. The resulting DNA fragments 
were separated on a 1% agarose gel and transferred to nitrocellulose. Proviral DNA was detected 
using ^^P labeled fragments of RCASBP(A) DNA. The fragments were generated by digesting the 
plasmid with Pvul to remove pBR322 sequences, then digesting the gel-'isolated viral genome with 
NcoL The resulting fragments of the viral genome were labeled in one reaction. 

As shown in FIG. 7, many proviruses present in 293R(A) cells infected with viral 
supematants produced on 293R(A) cell were extensively deleted. The £coRI digest of the proviral 
DNA in these cells gave a consistent pattern of distinct DNA fiugments, demonstrating that the 
deletions are specific. 

To identify which portions of the provirus remained, specific fragments of the viial genome 
were used to probe Southern blots (FIG. 8). The central portion of tiie genome was lost on viral 
passage in 293R(A) cells. The proviral DNA in 293R(A) cells contained the upstream LTR, a portion 
of gag, most or all ofenv, and the downstream LTR. The size of the proviral DNA in 293R(A) cells 
was similar to that of the sphced message that serves as a teiiq}late for translation of the viral Env 
protein. This message includes R, U5, U3 and env. 

In the RCAS vectors, the splice donor site normally used for the production of env mRNA is 
located 289 nucleotides from the 5* end of the genomic message and just downstream from the start of 
gag (FIG. 9). The env splice acceptor is approximately 5 kb downstream near the 3' end of poL 
Using PGR, a DNA fragment that spanned the deletion found in the proviruses present in 293R(A) 
genomic DNA was amplified. PGR primers that hybridized to the primer binding site located 
immediately 3' of flxe upstream LTR (5' GGTGACCCCGACGTGATAGTT 3', SEQ ID NO: 20) and 
to a sequence within the gp37 coding region ofenv (5' GGACCCCAAAGCTGCACTTCA 3', SEQ ID 
NO: 21) were used. PGR was conducted as described in EXAMPLE 4, except the melting and 
annealing ten^eratures were raised to 92°C and 61°G, respectively. The resulting DNA firagment was 
purified and sequenced. 

Sequence analysis demonstrated that in the deleted proviruses present in 293R(A) cells, the 
splice donor at the beginning of gag was not used. Splicing occurred instead at the 3' end of tiie MA 
coding region (FIG. 9), using a donor sequence not ordinarily recognized by -chicken host cells. 
However, in 293R(A) cells, splicing joins this cryptic donor sequence (located at &eend of the MA 
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coding region) with the splice acceptor site used for the production of the env message (near the end 
of pol). As shown in FIG. 9, short-term adapted RCASBPADRNgl-9 genomic RNA (which has six 
point mutations in gag) is spliced at cryptic splice donor site 1 in addition to the splice donor site 
nonnally used. Long-adapted RCASBPADRNg] -9 genomic RNA (yAach has eight point mutations 
5 in gag) is spliced at cryptic splice site 2 in addition to the splice donor site normally used. 

Therefore, the gag mutations may cause changes in RNA stmcture that influence RNA 
recognition by cellular factors. As a result, the same species of retroviral RNA may be differentially 
spliced in avian and mammalian cells. For exairple, 293R(A) cells infected with the long-term 
adapted RCASBPADRNgl-9 generate a spliced message not nonnally found in avian cells. The two 
1 0 viral RNAs typically produced in infected avian cells (full-lengtib genomic RNA and the env spliced 
message) are also made at some level, because infected 293R(A) cells generate some infectious 
virions. 

EXAMPLE 12 

1 5 Analysis of Viral RNA Packaged into Virus Particles 

As described above, as RCASBPADRNgl-9 is passaged on 293R(A) cells, infectivity 
decreases. Similarly, when virus containing gfi> was passaged, the percentage of green cells in the 
newly infected culture declined with each viral passage. Therefore, virus particles assembled in 
293R(A) cells (as opposed to avian cells) may package the aberrantly sphced RNA described above 

20 along with unspliced RNA. 

Culture supematants Jfrom virus-infected DF-1 and 293R(A) cells were centrifuged at low 
speed (3000 rpm) to remove cells and debris. Virus particles were collected by centrifiigation of the 
clarified supematants at 35,000 rpm for one hour. Viral RNA was isolated using a Qiagen QIAan^) 
viral RNA mioi kit according to the manufacturer's instructions. 

25 Viral RNA was reverse transcribed into DNA in a reaction buffer (25 niM Tris-HCl, 40 mM 

MgCl2, 150 mM KCl, 5 mM DTT, pH 8.3) containing 1 mM dNTPs, 2 ng random hexamer primers, 
and 22 units of AMV RT (Avian Myeloblastosis Virus reverse transcriptase). The reaction was 
incubated for one hour at 42®C. The resulting viral DNA served as the traiplate in PCR 
amplifications using Perkm Elmer AnxplfTaq DNA polymerase. PCR conditions were 30 cycles of 40 

30 seconds at 90°C, 1 minute 20 seconds at 59®C, and 1 mumte at 72''C. The PCR primers used to detect 
unspliced RNA in virus particles were 5* GCGGCAGCCACTCGCGACCCC 3' (SEQ ID NO: 22) and 
5' GGCGCCCCCTGTTGQACQGCCCC 3' (SEQ ID NO: 23) and primers 5' 

GGTGACOCCGACGTGATAGTT 3' (SEQ ID NO: 24) and 5* GGCCTGTACGGTTGGCOCATG 3' 
(SEQ ID NO: 25) were used and to detect aberrantiy spliced RNA in virus particles. Hie resulting 
35 products were separated on a 1% agarose gel and observed using ethidium bromide. 

Unsphced RNA was detected in virus particles using primers that an^lified a fragment fiom 
the region of gag located downstream of the cryptic splice site. Unspliced RNA was present in virus 
particles produced by DF-1 and 293R(A) cells infected widi short-term adapted RCASBPADRNgl- 
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9gfy (EXAMPLE 9) and by 293R(A) cells infected wi^ long-tem adapted RCASBPADRNgl-9g^ 
(EXAMPLE 10). 

To detect abeirantly spliced RNA, primers that annealed on either side of the deletion in 
proviral DNA were used. Vims particles produced by 293R(A) cells infected with long-term adapted 
5 RCASBPADRNgl-9gfp virus packaged a spliced message that corresponded in size to the deleted 
proviruses in infected 293R(A) cells. Virus particles produced by DF-1 and 293R(A) cells infected 
with non-adapted RCASBPADRNgl-9g^ contained a spliced message that was about 400 
nucleotides smaller than the spliced message detected in 293R(A) cells infected with long-adapted 
RCASBPADKNgl-9gfp. DNA sequence analysis of the smaller fragment amplified from non- 

1 0 adapted RCASBPADRKgl-9gQ) virus produced in DF-1 and 293Rj(A) cells revealed a second cryptic 
splice donor site located in the upstream portion of the MA coding region. 

These results demonstrate that the gag nnutations influence the recognition/use of crypic 
splice sites by the host cell machinery. Prior to long-term adaptation RCASBPADRNgl-9g1^ has six 
point mutations in gag and the virions package a spliced noessage containing about 160 xmckotides of 

15 the MA coding region. The two additional mutations found in long*adapted virus &cilitate the use of 
a cryptic splice donor site at the end of the MA coding region in 293R(A) cells. 

Virus serially passaged on 293R(A) cells can be rescued on DF-1 cells because 293R(A) 
cells produce a few particles containing unspliced RNA. These particles initiate an infection that 
spreads through the culture of DF-1 cells. The gag modifications necessary to increase &e production 

20 of infectious ASLV particles by 293R(A) cells appear to activate cryptic splice sites that are then used 

by the host cell splicing machinery. The activation of the cryptic splice sites in viral RNA and the 
packaging of aberrantly spliced RNAs may be a byproduct of the changes in RNA sequence or 
structure needed to promote viral replication in 293R(A) cells. 



Altering the Host Range of MLV ampho 
As disclosed in the EXAMPLES above, a 96-bp sequence (SEQ ID NO: 1) from the U3 
region of the MLV ampho LTR rescues the replication-defective ASLV vector RCASBPADR in DF-1 
cells. This 96-bp sequence lies in the downstream third of the U3 between a series of repeated 
30 enhancer elements and the TATA box at the 3* end of U3. Although the sequence contains a CAAT 
box, it does not contain any other known transcriptional control elements mapped to the MLV LTR. 

To detemune die effect of deleting the 96-bp sequence (SEQ ID NO: 1) on MLV axnpho 
repHcation, the following experiments were conducted. A 100-bp fragment was deleted from the 
downstream U3 of pRR145 by subcloning a Clal to NotI fragment containing the downstream LTR 
35 into KS (Stratagene, LaJolla, CA). The plasmid was digested with Xbal and BssHU and the ends 
were made blunt with T4 DNA polymerase and ligated. The deleted Clal to NotI fragment was 
moved back into pRR145 to create pRR145AdsU3 (FIG. 10). 
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The same 100-bp fragbient was also removed from flie upstream LTR. pRR145AdsU3 was 
digested with Sail and religated to remove the downstream half of ttie genome. The xijal to BssHII 
fragment was deleted from the upstream LTR, and tiie Sail insert was reintroduced to reconstitute the 
vector. The clone with 100-bp removed from both copies of U3 is pRR145AU3 (FIG. 10). * 
5 The RCASBP DR sequence was ligated into flie downstream LTR of pRR145AU3. The 

Caal-NotI fragment cloned into KS was digested with Xbal and BssHII. A segment containing the 
DR region was anplified from Mlul to BstuI with 5 ' and 3 ' primers to introduce Xbal and BssHII 
sites, respectively, to facilitate closing. The amplified product was cloned into the downstream LTR 
inKS as an Xbal to BssHn fragment The downstream LTR containing the DR was moved from KS 
1 0 into pRR145AU3 as a Qal to NotI fragment, creating pRR145 AU3dsDR (FIG. 10). 

pRR145AdsU3 and wild-type pRR145 were transfected into 3T3 and DF-1 cells and flie 
progress of the resulting viral infections followed by measuring RT activity in culture siQjematants as 
described in EXAMPLE 3. Virus production from the deleted clone lagged behind wild-type imtil 
about passage five. Although the downstream LTR can be reconstituted by recombination with the' 
1 5 intact upstream LTR, the lag in virus production indicates that an intact downstream U3 is required 
for virus production is required for virus production. 

The pRR145AU3 vector was transfected into DF-l, 3T3 and 293 cells. Productive infections 
did not develop in mammalian 3T3 or 293 cells, but replicated to about 30% of wild type levels in 
DF-1 cells. Therefore, ftis portion of IJ3 is important for replication of MLV anq>ho in mouse and 
20 human cells, but is not absolutely required in avian cells. Deletion of &is U3 fragment alters 
(contracts) tiie host range of MLV, by limiting ^e number of host cells in which the viruis is 
replication conpetent 

Lnmimoblot analysis of cell-free supematants 24 and 48 hours post-transfection were 
performed using an MLV anti-CA antibody. Virus particles were detected by Western transfer 
25 analysis, hnmunoblots were probed with rabbit polyclonal antibodies directed against the gag region 
of ALV or MoMLV, followed by peroxidase labeled goat anti-rabbit secondary antibodies. 
Nitrocellulose transfer membranes were washed widi TBS-T buffer (20 mM Tris, pH 8.3, 150 mM 
NaQ, and 0.05% Tween-20) and blocked with 5% milk and 1% normal goat serum in TBS-T buffer. 
The con^lex was reacted with a chemiluminescent substrate (Boehringer Mannheim) and the 
JO immunoblots exposed to filia No gag proteins were detected in siq?ematants &om 293 cells, but 
transient egression of gag proteins was detected in sopematants from 3T3 cells. 

The vector pRR145 AU3dsDR did not replicate in 293 or 3T3 cells. The repKcation of 
pRR145AU3dsDR in DF-1 cells was conq)arable to pRR145AU3. The addition of the DR in either 
the downstream or the iq>stream LTR did not inqirove the replication of the pRR145AU3 virus in DF- 
15 1 cells. The RT activity measured in si^ematants from DF-1 cells infected with pRR145AU3 and 

pRR145AU3dsDR never reached die level produced by infection wifli wild type pRR145. Therefore, 
the fragment deleted from pRR145AU3 enhances the replication of MLV ampho in die tnaTrmwiliiiti 
cell hnes, 3T3 and 293. 
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EXAMPLE 14 
Production of Sequence Variants 
Disclosed herein are HRCE nucleotide and amino acid sequences of that can he used to alter 
5 the host range of a retrovirus or retroviral vector. In some embodiments, HRCE sequences can he 
used to alter the host range of a retrovirus or retroviral vector. In one embodiment, a distinctive 
functional characteristic of a retrovirus or retroviral vector having an altered host range includes, but 
is not hniited to, the ability of such a retrovirus or retroviral vector to be replication competent in a 
non-host cell, such that the host range has been expanded, for exsaxsplc, an avian retrovirus which is 
1 0 replication competent in non-host mammaUan cells. 

In anotlier embodiment, a distinctive fonctional characteristic of a retrovirus or retroviral 
vector having an altered host range includes, but is not limited to, the ability of such a retrovirus or 
retroviral vector to no longer be replication conq)etent in a host cell, . such that the host range has been 
contracted (reduced), for example a mammalian retrovirus ^^ch is no longer replication com|)etent in 
1 5 host mammalian cells. The ability of a retrovirus or retroviral vector to be replication competent can 
readily be determined using the assays disclosed herein, for example the RT assay described in 
EXAMPLE 2. 

Having presented HRCE sequences, for exan^le retroviral LTR, DR, and gag sequences, 

this disclosure &cilitates the creation of nucleic acid molecules derived firom those disclosed but 
20 which vary in their precise nucleotide sequence from those disclosed. Such variants may be obtained 

through a combination of standard molecular biology laboratory techniques and the nucleotide 

sequence information disclosed herein. 

HRCE variants, fragments, fusions, and polymoiphisms will retain the abihty to alter host 

range. In one exan^le, the host range of an avian retrovims is altered such tibat it is replication 
25 competent in mammahan cells. In yet another embodiment, the host range of a mammalian retrovirus 

is altered such that it is replication defective in mammalian cells. 

Variants and fragments of a retrovirus or retroviral vector retain at least 70%, 80%, 90%, 

95%, 98%, or greater sequence identity to the HRCE sequences disclosed herein, and in particular 

embodiments at least this much identity to SEQ ID NOS: 1, 2, 3, 11, and 13. Variant and fragment 
30 sequences of a HRCE maintain the ability to alter host range. 'Such activity can be readily determined 

using the assays disclosed herein. 

Variant nucleic acid molecules include those created by standard mutagenesis techniques, for 

exanc^le, M13 primer mutagenesis. Details of these techniques are provided in Sambrook et ah (In: 

Molecular Cloning: ^ LafioratorvMwmat Cold Spring Harbor, New York, 1989, CL 15). By the 
35 use of such techniques, variants may be created which differ in minor ways from those disclosed. 

Nucleotide sequences which are derivatives of those disclosed herein and which differ from those 

disclosed by the deletion, addition or substitution of nucleotides while still encoding a retroviras 

which have an altered host range, are comprehended by this disclosure. 
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Also within the scope of this disclosure are small nucleic acid molecules derived from the 
disclosed nucleic acid molecules. Such small nucleic acid molecules include oligonucleotides 
suitable for use as hybridization probes or PGR primers. These small DNA molecules may conq>rise 
at least a segment of a HRCE and, for the purposes of PC31, will con9)rise at least a 20, 30, 40 or 50 
5 contiguous nucleotides of SEQ ID NOS: 1, 2, 3, 1 1, or 12, or their con^lementary strands. Longer 
length nucleotide sequences will provide greater specificity in hybridization or PGR applications than 
shorter length sequences. Accordingly, si^erior results may be obtained using longer stretches of 
consecutive nucleotides. 

Nucleotide sequences derived fi-om the disclosed nucleic acid molecules as described above 

10 may also be defined as nucleic acid sequences which hybridize imder stringent conditions to the 
nucleic acid sequences disclosed, or firagments tiiereof. Hybridization conditions resulting in 
particular degrees of stringency will vary depending upon the nature of the hybridization method of 
choice and the conq)osition and length of the l^bridizing DNA used. Generally, the ten:q>erature of 
hybridization and the ionic strength (such as Na*** concentration) of the hybridization buffer determines 

1 5 tiie stringency of hybridization. Calculations regarding hybridization conditions required for attaining 
particular degrees of stringency are discussed by Sambrook et aL {Molecular Cloning: A Laboratory 
ManuaU Cold Spring Harbor, New York, 1989, Chapters 9 and 11), herein incoxporated by reference. 
By way of illustration only, a hybridization experiment may be performed by hybridization of a DNA 
molecule (for example, a variant of gag^ for exaTnple those shown in Table 1) to a target nucleic acid 

20 molecule (for example, wild-type gag) which has been electrophoresed in an agarose gel and . 

transferred to a nitrocellulose membrane by Southern blotting (Southern, J, Mol Biol 98:503, 1975), 
a technique well known in the art and described in Sambrook et al {Molecular Cloning: A 
Laboratory Manual, Cold Spring Harbor, New York, 1989). 

Specific hybridization refers to the binding, duplexing, or hybridizing of a molecule only or 

25 substantially only to a particular nucleotide sequence when that sequence is present in a complex 

mixture (e.g. total cellular DNA or RNA). Specific hybridization may also occur under conditions of 
varying stringency. 

Hybridization with a target probe labeled with [^^P]-dCTP is generally carried out hi a 
solution of high ionic strengdi such as 6xSSC at a temperature &at is about 5-25''C below flie melting 

30 ten^erature, Tm. For such Southern hybridization e?q)eriments where the target DNA molecule on the 
Southem blot contains 1 0 ng of DNA or more, hybridization is typically carried out for 6-8 hours 
using 1-2 ng/ml radiolabeled probe (of specific activity equal to 10^ CPM/|ig or greater). Followiug 
hybridization, the nitrocellulose filter is washed to remove background hybridization. The washing 
conditions shoiild be as stringent as possible to remove bacl^round hybridization but to retain a 

35 specific hybridization signal. 

The Tm of such a hybrid molecule may be estimated fiom the following equation (Bolton and 
McCarthy. Proc. Nail Acad. Set USA 48:1390, 1962): T„ = 81.5^C - 16.6(logio[Na*]) + 
0.41(%G+C) - 0.63(% formamide) - (600/1); where l = the length of the hybrid in base pairs. This 
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equation is valid for concentrations of Na* in the range of 0.01 M to 0.4 M, and it is less accurate for 
calculations of in solutions of higher [Na*]. The equation is also primarily valid for DNAs whose 
G+C content is in the range of 30% to 75%, and it applies to hybrids g7:eater dian 100 nucleotides in 
length (the behavior of oligonucleotide probes is described in Ch. 1 1 of Sambrook et al. {Molecular 
5 Cloning: A Laboratory Manual, Cold Spring Harbor, New York, 1989). In the present disclosure, 
the equation can be applied to a probe of about 96 nucleotides in length. 

Thus, by way of example, for a 150 base pair DNA probe derived from the open reading 
frame of gag (with a hypothetical %GC = 45%), a calculation of hybridization conditions required to 
give particular stringencies may be made. It is assimied Hiat the filter is washed in 0.3 xSSC solution 

1 0 following hybridization, thereby: [Na*] = 0.045 M; %GC = 45%; Formainide concentration = 0; 1 = 
150 base pairs; T„=81 .5 - le-eaogioCNa**]) + (0.41 x 45) - (600/150); and so T„, = 74.4°C. 

The Tra of double-stranded DNA decreases by 1-1.5°C with every 1% decrease in homology 
(Bonner et aL, J, Mol Biol 81:123, 1973). Therefore, for this given exaniple, washing the filter in 
0.3 xSSC at 59.4-64.4**C will produce a stringency of hybridization equivalent to 90%; that is, DNA 

1 5 molecules with more than 10% sequence variation relative to the target cDNA (for exan^>le gag) will 
not hybridize. Alternatively, washing the hybridized filter in 0.3 xSSC at a temperature of 65.4- 
68.4°C will yield a hi^ hybridization stringency of 94%; tiiat is, nucleic acid molecules with more 
tisan 6% sequence variation relative to the target nucleic acid molecule will not hybridize. The above 
exanq)le is given entirely by way of theoretical illustration. One skilled in the art will appreciate that 

20 other hybridization techniques may be utilized and that variations in experimental conditions will 
necessitate alternative calculations for stringency. 

Examples of stringent conditions are those under which DNA molecules with more than 
25%, 15%, 10%, 6% or 2% sequence variation (also termed ''rmsxnaXcli'') will not hybridize. 
Stringent conditions are sequence dependent and are different in different circumstances. Longer 

25 sequences hybridize specifically at higher temperatures. Generally, stringent conditions include a 
temperature approximately 0-20°C below the calculated T^, for exangjle no more than about 5°C 
lower than the thermal melting point T^, at a defined ionic strength and pH. An exan^>le of stringent 
conditions is a salt concentration of at least about 0.01 to 1.0 M Na ion concentration (or other salts) 
at pH 7.0 to 8.3 and a ten^erature of at least about 30°C for short probes (e.g. 10 to 50 nucleotides). 

30 Stringent conditions can also be achieved with the addition of destabilizing agents such as formamide. 
For example, conditions of 5X SSPE (750 mM NaQ, 50 mM Na Phosphate, 5 mM EDTA, pH 7.4) 
and a tenqjerature of 25-30°C are suitable for allele-specific probe hybridizations, hi another 
embodiment, hybridization conditions include wash conditions at a ten^rature oj^ for exanqple, 
48*»C, 58^C, ere or 68«C, with between 2X and O.IX SSC and about 0.5% SDS, for instance, 62°C 

35 with O.IX SSC and 0.5% SDS. Exact experimental hybridization conditions are deternuned 

empirically in preliminary experiments in which samples of genomic DNA immobilized on fUters are 
hybridized to a probe of interest and then washed under conditions of different stringencies. 
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A perfectly matched probe has a sequence perfectly con^lementary to a particular target 
sequence. The test probe is typically perfectly con:q)lementaiy to a portion (subsequence) of the 
target sequence. The term '^nusmatch probe" refers to probes whose sequence is deliberately selected 
not to be perfecfly conaplementary to a particular target sequence. 
5 One sldlled in the art will recognize that the mutagenesis techniques described above may be 

used not only to produce variant nucleic acid molecules, but will also facilitate the production of RNA 
which differ in certain structural aspects from a HRCE, yet which mnintaTn the essential functional 
characteristic of the HRCE. 

While the site for introducing a nucleic acid sequence variation is predetermined, the 
1 0 mutation per se need not be predetermined. For exanqjle, in order to optimize the performance of a 
mutation at a given site, random mutagenesis may be conducted at the target region and the variants 
screened for optimal activity. Techniques for making substitution mutations at predetermined sites in 
DNA having a known sequence as described above are well known. 

Nucleic acid substitutions include single residues; for example 1, 2, 3, 4, 5» 10 or more 
1 5 substitutions; insertions of about from 1 to 10 residues; and deletions from about from 1 to 30 

residues. Substitutions, deletions, insertions or any combination thereof may be combined to arrive at 
a jBnal construct. 

Such variants can be readQy selected for additional testing by performing an assay (such as 
those described in EXAMPLE 2) to determine if the variant HRCE can still alter the host range of a 
20 retrovirus or retroviral vector. 

EXAMPLE 15 

Pharmaceutical Compositions and Modes of Administration 
Various delivery systems for administering the retroviruses and retroviral vectors having an 

25 altered host range disclosed herein are known, and include e.g., encapsulation in liposomes, 

microparticles, microcapsules, e^^ression by recombinant cells, receptor-mediated endocytosis (see 
Wu and Wu, J, Biol Chem. 1987, 262:4429-32), and construction of therapeutic nucleic acids as part 
of a retroviral or otiier vector. Methods of introduction include, but are not limited to, intradermal* 
intramuscular, intraperitoneal, intravenous, subcutaneous, intranasal, and oral routes. The confounds 

30 may be administered by any convenient route, for exan^le by infusion or bolus injection, by 
absorption through epithelial or mucocutaneous linings (e.g., oral mucosa, rectal and intestinal 
mucosa, etc.) and may be administered together with other biologically active agents. Admonistration 
can be systemic or local. In addition, the pharmaceutical con^ositions may be introduced into the 
central nervous system by any suitable route, including intraventricular and intrathecal injection; 

35 intraventricular injection may be facilitated by an intraventricular catheter, for example, attached to a 
reservoir, such as an Ommaya reservoir. Administration can be systemic or locaL The retroviral 
vectors of tiie disclosure can be administered together with other biologically active agents. 
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In one embodiment, it may be desirable to administer the pharmaceutical con^ositions 
disclosed herein locally to the area in need of treatment, for exanq)le, by local infusion during 
surgery, topical application, e.g., in conjunction ^th a wound dressing after surgery, by injection, 
through a catheter, by a suppository or an implant, such as a porous, non-porous, or gelatinous 
5 material, including membranes, such as silastic membranes, or fibers. In one embodiment, 
administration can be by direct administration at a site where gene therapy is desired. 

The present disclosure also provides pharmaceutical compositions which include a 
therapeutically effective amount of a retrovirus or retroviral vector having an altered host range 
disclosed herein, alone or with a pharmaceuticaUy acceptable carrier. 

10 

Delivery systems 

The pharmaceuticaUy acceptable carriers useful herein are conventional. Remington 's 
Pharmaceutical Sciences^ by Martin, Mack Publishing Co., Easton, PA, 15th Edition (1975), 
describes con^ositions and fommlations suitable for pharmaceutical delivery of the retroviral vectois 

15 of the disclosure. In general, the nature of the carrier will depend on the particular mode of 

administration being employed. For instance, parenteral formulations usually conq)rise injectable 
fluids that include pharmaceuticaUy and physiologically acceptable fluids such as water, physiological 
saline, balanced salt solutions, aqueoiis dextrose, sesame oil, glycerol, ethanol, combinations thereof 
or the like, as a vehicle. The carrier and coioposition can be sterile, and the formulation suits the 

20 mode of administration. In addition to biologically-neutral carriers, pharmaceutical con9>ositions to 
^ be administered can contain minor amounts of non-toxic auxiliary substances, such as wetting or 
emulsifying agents, preservatives, and pH buffering agents and the Uke, for example sodium acetate 
or sorbitan monolaurate. 

The composition can be a liquid solution, suspension, emulsion, tablet, pill, capsule, 

25 sustained release formulation, or powder. For sohd compositions (e.g., powder, pill, tablet, or capsule 
forms), conventional non-toxic sohd carriers can include, for exarcple, pharmaceutical grades of 
manmtol, lactose, starch, sodium saccharine, cellulose, magnesium carbonate, or magnesium stearate. 
The composition can be formulated as a suppository, with traditional binders and carriers such as 
triglycerides. 

30 The amount of retrovirus or retroviral vector that will be effective in the treatment of a 

particular disorder or condition will depend on the nature of the disorder or condition, and can be 
detemmied by standard clinical techniques. In addition, in vitro assays may optionally be enq)loyed 
to help identify optimal dosage ranges. The precise dose to be employed in the formulation will also 
depend on the route of adnoinistration, and tiie seriousness of the disease or disorder, and should be 

35 decided according to the judgment of the practitioner and each subject's circumstances. Effective 
doses may be extrapolated from dose-response curves derived from in vitro or animal model test 
systems. 
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The disclosure also provides a pharmaceutical pack or kit comprising one or more containers 
filled with one or more of the ingredients of the pharmaceutical compositions. Optionally associated 
v/iih such container(s) can be a notice in fhe form prescribed by a govenimental agency regulating flie 
manufacture, use or sale of pharmaceuticals or biological products, which notice reflects approval by 
5 the agency of manufacture, use or sale for human administration. Instmctions for use of the 
composition can also be included 

The phannaceutical con^ositions or methods of treatment may be administered in 
combination with other therapeutic treatments, such as other antineoplastic or antitumorigenic 
therapies. 

1 0 The disclosure provides compositions of the retroviruses and retroviral vectors disclosed 

herein, for example a composition fliat is comprised of at least 90% of a retrovirus or retroviral vector 
in the composition. Such con^ositions are useful as therapeutic agents when constituted as 
pharmaceutical conq>ositions with the appropriate carriers or diluents. 

Embodiments of the disclosure coniprising medicaments can be prepared with conventional 

1 5 phamoaceutically acceptable carriers, adjuvants and coimterions as would be known to those of skill ' 
in&earL 

Having illustrated and described methods for generating and selecting for retroviruses and 
retroviral vectors haviag an altered host range, the viruses obtained using ^lis method, and the use of 

20 such viruses, it should be apparent to one skilled in the art that the disclosure can be modified in 
arrangement and detail without departing from such principles. In view of the many possible 
embodiments to which the principles of our disclosure may be applied, it should be recognized that 
the illustrated embodiments are only particular examples of the disclosure and should not be taken as 
a limitation on the scope of the disclosure. Rather, the scope of the disclosure is in accord with the 

25 following claims. We dierefore claim as our invention all that comes wi&in the scope and spirit of 
these claims. 
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We claim: 

1 . A method for identifying a host range control element (HRCE) in a first retroviral vector, 
wherein the first retroviral vector is replication competent in a first host cell, conxprising: 

functionally deleting a HRCE in a second retroviral vector, wherein the second retroviral 
5 vector is replication competent in a second host cell; 

incorporating a nucleic acid sequence fi^om the first retroviral vector into the second 
retroviral vector, thereby generating a third retroviral vector; 

transfecting the second host cell with the third retroviral vector; 
assaying replication of the third retroviral vector in the second host cell; and 
1 0 determining if the third retroviral vector is replication coir^etent in the transfected second 

host cell, wherein replication con^etency identifies the HRCE of the first letroviral vector. 

2. The method of claim 1, further comprisiag: 

fimctionally deleting the HRCE of the first retroviral vector, thereby generating a HRCE- 
deleted first retroviral vector; 
1 5 transfecting the first host cell with &e HRCE-deleted first retroviral vector, 

assaying the transfected first host cell for replication coxxtpetency of the HRCE-deleted 
retroviral vector; and 

determining if the HRCE-deleted retroviral vector was replication competent in &e 
transfected first host cell, thereby determining if deletion of the HRCE altered &e host range of the 
20 first retroviral vector. 

3 . The method of claim 1 , wherein the first and second retroviral vectors are sinqjle 
retroviral vectors. 

4. The method of claim 1, wherein the third retroviral vector is a chimeric retroviral vector. 

5 . The method of claim 1 , wherein assaying the transfected second host cell for replication 
25 coirpetency of the third retroviral vector comprises assaying for reverse transcriptase (RT) activity. 

6. The method of claim 1 , herein the first retroviral vector is a mammalian retroviral 

vector, 

7. The method of claim 6, wherein tiie mammalian retroviral vector is a murine leukemia 
virus (MLV) an^ho and the first host cell is a mammaUan or avian cell. 

30 8. The method of claim 1 , wherein the second retroviral vector is an avian retroviral vector 

and the second host cell is an avian cell. 

9. The method of claim 8, wherein the avian retroviral vector is an avian sarcoma leukosis 
virus (ASLV) and the second host cell is DF-L 

10. The method of claim 1, wherein the functionally deleted HRCE in the second retroviral 
35 vector is a direct repeat (DR), a constitutive transport element (CTE), a long temoinal repeat <LTR), 

or portion thereof. 

1 1 . The method of claim 10, wherein the second retroviral vector is ASLV and die 
funcdonally deleted HRCE is a DR or portion thereof. 
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12. The me&od of claim 10, wherein ihe second retroviial vector is MLV an:q)ho and the 
functionally deleted HRCE is a LTR or portion thereof. 

13. The xnediod of claim 1, wherein the nucleic acid sequence from the first retroviral vector 
is included in a heterogeneous mixture of nucleic acid sequences from the first retroviral vector. 

5 14. The me&od of claim 13, wherein the heterogeneous mixture of nucleic acid sequences 

firom die first retrovirus comprises a library of die first retroviral vector. 

15. The method of claim 1, wherein die nucleic acid sequence comprises at least 10 
nucleotides. 

16. The method of claim 15» wherein the nucleic acid sequence comprises at least 100 
10 nucleotides. 

17. The method of claim 1, i^erein the nucleic acid sequence is not an envelope sequence 
or firagment thereof. 

18. The method of claim 1, further con^rising identifying an additional nucleic acid 
sequence in the second retroviral vector tiiat affects the host range of the second retroviral vector. 

15 19. The method of claim 18, wherein the nucleic acid sequence fit>m the first retroviral 

vector is an HRCE. 

20. The method of claim 18, wherein identification of die additional nucleic acid sequence 
comprises; 

(a) collecting culture supernatant from the transfected second host cell containing a third 
20 retroviral vector virion; 

(b) using the siq>ematant to transfect a third host cell; and 

(c) coUecting a culture siq)ematant from the transfected third host cell containing the durd 
retroviral vector virion. 

21. The mediod of claim 20, further conqjrising, repeating steps (aHc) until a third 
25 retroviral vector population is obtained that is replication con^etent in the diird host cell. 

22. The method of claim 20, wherein the third host cell and die first host cell are from the 
same species. 

23. The method of claim 20, wherein the second host cell is an avian cell. 

24. The method ofclaim 23, wfa^ein die avian cell is a chictencelL 

30 25. The niethod of claim 20, wherein die first host ceU is a inainmalian cell. 

26. The method of claim 20, wherein the first retroviral vector is an avian or Tnflmmnl'inTi 
retroviral vector. 

27. The method of claim 18, \^erein the additional nucleic acid sequence contains 
mutations in gag. 

35 28. A method for identijying a HTRCK m a TnaTTimaTiaTi Teft^yiral vftctpr^ gpmprising: 

functionally deleting a DR in an avian retroviral vector, wherein the avian retroviral vector is 
replication competent in an avian host cell; 
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incoiporatmg a nucleic acid sequence from the manumlian retroviral vector into the avim 
retroviral vector, thereby generating a chimeric retroviral vector; 

.transfecting the avian host cell vdth the chimeric retroviral vector; 

assaying the transfected avian host cell for replication competency of the chimeric retroviral 
5 vector; and 

determining if the chimeric retroviral vector is repHcation competent in the transfected avian 
. host cell, thereby identifying the HRCE of the mammahan retroviral vector. 

29. A mefliod for generating a retroviral vector having an altered host range, comprising 
functionally deleting a HRCE in a first retroviral vector, thereby generating an HRCE-deleted 

1 0 retroviral vector, wherein the HRCE is not an envelope sequence or portion thereof. 

30. The method of claim 29, further coir^jrising replacing the functionally-deleted HRCE 
with an HRCE from a second retroviral vector, thereby generating a chimeric retroviral vector. 

3 1 . The method of claim 29, wherein ib& first retroviral vector is a mammalian retroviral 

vector. 

1 5 32. The method of claim 3 1 wherein the mammalian retroviral vector is an MLV anq)ho 

retroviral vector. 

33. The method of claim 30, wherein the second retroviral vector and the first retroviral 
vector have a different host range. 

34. The method of claim 3 1 , wherein the fimctionally-deleted HRCE comprises a portion of 
20 a U3 region of an LTR. 

35. The method of claim 34, wherein the U3 region conqirises at least 1 5 but no more than 
614 contiguous nucleotides of the LTR wherem the HRGB-deleted retroviral vector has an altered 
host range. 

36. The method of claim 35, wherein the U3 region comprises at least 96 but no more than 
25 614 contiguous nucleotides of the LTR, wherein the HRCE-deleted retroviral vector has an altered 

host range. 

37. The method of claim 31, wherein the functionally-deleted HRCE con^rises at least 50 
nucleotides having at least 70% identity to SEQ ID NO: 1, 2, or 3, wherein the HRCE-deleted 
retroviral vector has an altered host range. 

30 38. The method of claim 37, wherein the functionally-deleted HRCE conq»ises at least 50 

nucleotides havmg at least 90% identity with SEQ ID NO: 1, 2,or 3, wherein the HRCE-deleted 
retroviral vector has an altered host range. 

39. The method of claim 38, wherein die functionally-deleted HRCE-con^nrises SEQ ID 
NO: 1 and the HRCE-deleted retroviral vector has an altered host range. 

35 40. The method of claim 31, wherein the fimctionally-deleted HRCE conqyrises at least 50 

nucleotides that hybridize wi& a complement of a SEQ ID NO:l, 2 or 3, wherein hybridization 
conditions con^rise wash conditions of 0.1 XSSC, 0.5% SDS at 62°C, and whetein die HRCE- 
deleted retroviral vector has an ^tered host range. 
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4 1 . The method of claim 30, wherein tiiie functionally deleted HRCE is a DR or portion 

thereof. 

42. The me&od of claim 30, wherein tiie second HRCE from the second retrovirus 
comprises a sequence having at least 70% sequence identity to S£Q ID NO: 1^ 2 or 3, wherein tiie 

5 chimeric retroviral vector has an altered host range. 

43. The method of claim 42, wherein the second HRCE from the second retrovirus 
comprises SEQ ID NO: 1, 2, or 3. 

44. The method of claim 30, wherein the functionaHy-deleted HRCE is an ASLV DR and 
the second HRCE is a sequence having at least 70% sequence identity to SEQ ID NO: 1 1 or 13, 

1 0 wherein the chimeric retroviral vector has an altered host range. 

45. The method of claim 30, wherein tiie first retroviral vector is an ASLV, the HRCE from 
ASLV is a DR, and the HRCE from the second retroviral vector is SEQ ID NO: 1 wherein the ASLV 
has an altered host range. 

46. A method for generating an MLV an^ho retroviral vector having an altered host range, 
1 5 comprising functionally deleting an LTR or portion tiiereof from the MLV anq)ho retroviral vector, 

wherein the functionally deleted LTR or portion thereof conqnises a sequence having 70% sequence 
identity SEQ DO NO: 1 or 3. 

47. The method of claim 46, wherein the LTR con^prises SEQ ID NO: 1 or 3. 

48. Themethodof claim 29, further comprising: 

20 (a) incorporating a nucleic acid sequence from a second retroviral vector having a 

second host cell range into the first retroviral vector, thereby generating a third 
retroviral vector; 

(b) transfecting a third host cell with the third retroviral vector; 

(c) collecting a cell free supernatant containing retroviral particles from the 
25 transfected third host cell; 

(d) using the cell free supernatant containing the retroviral particles to infect a 
fourth host cell; and 

(e) collecting a cell free siq>ematant containing retroviral particles from the fourth 
host celL 

30 49. The method of claim 48, fiirther comprising repeating (b)-(c) to select a population of 

retroviral particles that is replication con^^etent in tiie first host celL 

50. The method ofclaim 48, wherein the third host cell and the first host cell are from the 
same species and the fourth host cell and the second host cell are firom the same species. 

5 1 . The method of claim 48, wherein the third host cell and the second host cell are firom the 
35 same species and the fourtii host cell and the first host cell are from the same species. 

52. A method for generating an ASLV that is replication conspetent in a mammalian cell 
comprising: 

(a) functionally deleting a DR in the ASLV; 
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(b) incorporating a nucleic acid sequence from a mannnalian retroviral vector, 
thereby generating a chimeric retroviral vector; 

(c) transfecting an avian cell with the chimeric retroviral vector; 

(d) collecting a cell free supernatant containing chimeric retroviral particles from 
5 the transfected avian cell; 

(e) using the cell free supernatant containing the chimeric retroviral particles to 
infect a mammalian cell; 

(f) collecting a cell free supernatant containing chimeric retroviral particles from 
the mammalian cell; and 

1 0 (g) repeating steps (c)-(f) to select a chimeric retroviral vector that is replication 

competent in the mammalian cell. 

53. The method of claim 52, wherein the mammalian retroviral vector is an MLV an[q)ho. 

54. The method of claim 53, wherein the nucleic acid sequence is an MLV ampho HRCE. 

55. A retroviral vector having an altered host range obtained using ibs method of claim 29 

15 or 30. 

56. The retroviral vector of claim 56, wherein the retroviral vector is no longer replication 
competent in at least one native cell type. 

57. The retroviral vector of claim 55, herein the retroviral vector is incorporated in a viral 

particle. 

20 58. The retroviral vector of claim 55, wherein the retroviral vector is not replication 

competent in a mammalian cell. 

59. A cell infected with tiie retroviral vector of claim 55. 

60. The host cell of claim 59, wherein the cell is a mammalian or avian cell. 

61. The host cell of claim 59, wherein the cell is a mammalian-cell, 

25 62. The host cell of claim 61, wherein the mammalian cell is a human cell. 

63. A non-human mammalian cell infected with the retroviral vector of claim 55, wherein 
the retroviral vector is integrated into its genome of the non-human mammalian celL 

64. A metiiod for transforining a cell, cornprising: 

contacting the cell with a retrovirus con^rising a retroviral vector of claim 55, i^erein the 
30 retroviral vector conqirises a transgene; and 

wherein the contact results in transformation of the celL 

65. The method of claim 64, wherein the retroviral vector is replication defective. 

66. The metiiod of claim 64, wherein the retroviral vector frirther conqsrises a promoter 
operably linked to the transgene. 

35 . 67. The metiiod of claim 64, wherein the introduction is in vitro or in vivo, 

68. The method of claim 64, wherein the retroviral vector is integrated into a chromosome 
of the cell. 
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69. The method of claim 64, wherein the transgene is a marker polypeptide or a therapeutic 
polypeptide. 

70. The method of claim 64, wherein no otiier viral vector is introduced into the cell. 

71 . A method for preventing or treating disorder in a subject, comprising introducing into a 
5 cell of the subject an therapeutically effective amount of the retroviral vector of claim 55, wherein the 

vector comprises a transgene, wherein ihe vector is replication defective, wherein the introduction 
resiilts in the stable genetic transformation of the cell and expression of the transgene, and wherein the 
expression of the transgene results in alleviating a synqjtom of the disorder or preventing the disorder. 

72. The method of claim 71, wherein the expression vector is introduced into the subject's 
1 0 cells ex vivo and the cells are then reintroduced into the subject 

73. A method for treating a subject, comprising contacting a cell of the subject with an 
therapeutically effective amount of &e retroviral vector of claim 55, wherein the retroviral vector is 
replication defective and wherein the retroviral vector coniprises a transgene, wherein the contact 
results in the retroviral vector integrating into a chromosome of tiie cell thereby expressing.the 

1 5 transgene in the cell, wherein the cell is not contacted with any otiier virus, and the expression of the 
transgene treats tiie subject 

74. The method of claim 73, whereia the transgene is a therapeutic polypeptide or an 
antisense sequence. 

75. A pharmaceutical con^osition, comprising: 

20 the retroviral vector of claim 55, wherein the vector con^rises a nucleic add sequence 

encoding a transgene; and 

a pharmaceutically acceptable carrier. 

76. The use of SEQ ID NO: 1, 2, 3, 1 1 or 13 to alter a host range of a retroviral vector. 
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Alul 



Begin 200-bp insert 



CAGATGGAAC^GCTSAATATGGGCCAAACAGGATATCTGTGGTAAGCAGTTCCTGCCCCGGCTCAGGGCCAAGAACAGAT 
GTCTACCTTGTCGACTTATACCCGGTTTGTCCTATAGACACCATTCGTCAAGGACGGGGCCGAGTCCCGGTTCTTGTCTA 



Xbal 



Begin 96-bp insert 



GGTCCCCAGATGCGGTCCAGCCCTCAGCAGTTrCTAGASAACCATCAGATGTTTCCAGGGTGCCCCAAGGACCTGAAATG 
CCAGGGGTCTACGCCAGGTCGGGAGTCGTCAA^GATCT:TTGGTAGTCTACAAAGGTCCCACGGGGTTCCT6GACTTTAC 



BssHII 



Alul TATA box 



ACCCTGTGCQTTATTTGAACTAACCAATCAGTTCGCTTCTCGCTTCTGTTC GCGCGC TTCTGCTCCCCG ^GCT : AATAAA 
TG6GACACGGAATAAACTTGATTG6TTAGTCAAGCGAAGAGCGAAGACAAGjC6CGCG|^AGACGAGG6GC|^^ 



U3 



AGAGCCCACAACCCCTCACTCGGG 



TCTCGGGTGTTGGGGAGTGAGCCCpGCGGTC 



4 

End I nsert 



ICGCCAG 



FIG. 3 

96-bp insert remaining after adaptation 

ATGTTTCCAGGGTGCCCCAAGGACCTGAAATGACCCTGTGCCTTATTTGAAeTAACCAATCAGTTCGCTTCTCGCTTCTGT 
TACAAA66TCCCACG6GGTTCCTGGACTTTACTG6GACAACGGAATAAACTTGATTGGTTAGTCAAGCGAA6AGCGAAGAC 



Downstream flanking sequence 
TCGCGC6CTTCT6CTGCTGCTTACC6C6GGTATCCTGTTT6GCCCATATTCA6 
AGCGCGCGAAGACGA 
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MA start sd 1 

ATGGAAGCCGTCATTAAGGTGATTTCGTCCGCGTGTAAAACCTATTGCGGGA 
mutations T 

AAATCTCTCCTTCTAAGAAGGAAATAGGGGCCATGTTGTCCCTGTTACAAAA 



GGAAGGGTTGCTTATGTCTCCCTCAGATTTATATTCTCCGGGGTCCTGGGAT 

C 

. 3 cryptic sd 

CCATCACTGCGGCGCTCTCCCAGCGGGCAATGGTACTTGGAAAATCGGGAG 

A 

4 

AGTTAAAAACCTGGGGATTGGTXTTGGGGGCATTGAAGGCGGCTCGAGAGGA 

C 

CAGGTTACATCTGAGCAAGCAAAGTTTTGGTTGGGATTAGGGGGAGGGAGGG 



TCTCTCCCCCAGGTCCGGAGTGCATCGAGAAACCAGCTACGGAGCGGCGAAT 

5 

CGACAAAGGGGAGGAGGTGGGAGAAACAACTGTGCAGCGAGATGCGAAGAT 

A 

GGCGCCAGAGGAAGCGGCCACACCTAAAACCGTTGGCACATCCTGCTATCAT 
TGCGGAACAGCTGTTGGCTGCAATTGCGCCACCGCCACAGCCTCGGCCCCTC 



CTCCCCCTTATGTGGGGAGTGGTTTGTATCCTTCCCTGGCGGGGGTGGGAGA 
end MA 

GCAGCAGGGCCAGGGAGATAACACGTCTCGGGGGGCGGAGCAGCCAAGGGA 

6 

GGAGCCAGGGCACGCGGGTCAGGCXICCTGGGCCGGCCCTGACTGACTGGGC 
T 
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MA start sd l 

ATGGAAGCCGTCATTAAGGTGATTTCGTCCGCGTGTAAAACCTATTGCGGGA 
mutations T 

AAATCTCTCCTTCTAAGAAGGAAATAGGGGCCATGTTGTCCCTGTTACAAAA 

2 

GGAAGGGTTGCTTATGTCTCCCTCAGATTTATATTCTCCGGGGTCCTGGGAT 

C 

3 cryptic sd 

CCATCACTGCGGCGCTCTCCCAGCGGGCAATGGTACTTGGAAAATCGGGAG 

A 

4 

AGTTAAAAACCTGGGGATTGGTTTTGGGGGCATTGAAGGCGGCTCGAGAGGA 

C 

7 

CAGGTTACATCTGAGCAAGCAAAGTTTTGGTTGGGATTAGGGGGAGGGAGGG 

A 

TCTCTCCCCCAGGTCCGGAGTGCATCGAGAAACCAGCTACGGAGCGGCGAAT 

S 8 
CGACAAAGGGGAGGAGGTGGGAGAAACAACTGTGCAGCGAGATGCGAAGAT 

A A 

GGCGCCAGAGGAAGCGGCCACACCTAAAACCGTTGGCACATCCTGCTATCAT 



TGCGGAACAGCTGTTGGCTGCAATTGCGCCACCGCCACAGCCTCGGCCCCTC 
cryptic sd 

CTCCCCCITATGTGGGGAGTGGTTTGTATCCTTCCCTGGCGGGGGTGGGAGA 
end MA 

GCAGCAGGGCCAGGGAGATAACACGTCTCGGGGGGCGGAGCAGCCAAGGGA 
6 

GGAGCCAGGGCACGCGGGTCAGGCCCCTGGGCCGGCCCTGACTGACTGGGC 
T 
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SEQUENCE lilSTXNG 
<110> The Government of the United States 

<120> Methods to Control the Host Range of Retroviral Vectors 

<130> 61975 

<140> 
<141> 

<150> 60/257,821 
<151> 2000-12-22 

<160> 25 

<170> Patentin Ver. 2.1 

<210> 1 
<211> 96 
<212> DNA 

<213> Moloney murine leukaemia virus 
<400> 1 

atgtttccag ggtgccccaa ggacctgaaa tgaccctgtg ccttatttga actaaccaat 60 
cagttcgctt ctcgcttctg ttcgcgcgct tctgct 96 



<210> 2 
<211> 196 
<212> DNA 

<213> Moloney murine leukaemia virus 



<400> 2 

caggatatct gtggtaagca gttcctgccc 
gatgcggtcc agccctcagc agtttctaga 
ggacctgaaa tgaccctgtg ccttatttga 
ttcgcgcgct tctgct 



cggctcaggg ccaagaacag atggtcccca 60 
gaaccatcag atgtttccag ggtgccccaa 120 
actaaccaat cagttcgctt ctcgcttctg 180 

196 



<210> 3 
<211> 703 
<212> DNA 

<213> Moloney murine leukaemia virus 



<400> 3 

ataaaataaa agattttatt tagtctccag 
aggtttggca agctagctta agtaacgcca 
agaatagaga agttcagatc aaggtcagga 
aggatatctg tggtaagcag ttcctgcccc 
gaatatgggc caaacaggat atctgtggta 
acagatggtc cccagatgcg gtccagccct 
ccagggtgcc ccaaggacct gaaatgaccc 
gcttctcgct tctgttcgcg cgcttctgct 
ctcactcggg gcgccagtcc tccgattgac 
aaccctgcgc cagtcctccg attgactgag 
ctaactgact cagcgggccc atgggcacat 
ctgactcagc gccgtgtatc caataaaccc 



aaaaaggggg gaatgaaaga ccccacctgt 60 
ttttgcaagg catggaaaaa tacataactg 120 
acagatggaa cagctgaata tgggccaaac 180 
ggctcagggc caagaacaga tggaacagct 24 0 
agcagttcct gccccggctc agggccaaga 300 
cagcagtttc tagagaacca tcagatgttt 360 
tgtgccttat ttgaactaac caatcagttc 420 
ccccgagctc aataaaagag cccacaaccc 480 
tgagtcgccc gggtacccgt gtatccaata 540 
tcgcccgggt acagccccgc ggtcaggagg 600 
aggttatttg ggacgcggtc aggaggctaa 660 
tcttgcagtt gca 703 



<210> 4 



1 
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<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PCR primer 
<400> 4 

atgtttccag ggtgccccaa 



<210> 5 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PCR primer 
<400> 5 

agcagaagcg cgcgaacaga a 



<210> 6 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PCR primer 
<400> 6 

gagctgactc tgctggtgcc 



<210> 7 
<211> 21 
<212> DNA 

<213> Ari:ificial Sequence 
<220> 

<223> Description of Artificial Sequence: PCR primer 
<400> 7 

ccccctccct atgcaaaagc g 



<210> 8 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PCR primer 
<400> 8 

agctgaatat gggccaaaca 



<210> 9 
<211> 20 



r 
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<212> DNA 

<213> Artificial Sec[uence 
<220> 

<223> Description of Artificial Sequence: PGR primer 
<400> 9 

tcggggagca gaagcgcgcg 20 

<210> 10 
<211> 38 
<212> DNA 

<213> Avian leukosis virus 



<210> 11 
<211> 672 
<212> DNA 

<213> Artificial Sec[uence 
<220> 

<223> Description of Artificial Sequence: ALV gag 
sequence after short -term selection 

<400> 11 

atggaagccg tcattaaggt gatttcgtcc gtgtgtaaaa cctattgcgg gaaaatctct 60 
ccttctaaga aggaaatagg ggccatgttg tccctgttac aaaaggaagg gttgcttatg 120 

tctccctcag acttatattc tccggggtcc tgggatccat cactgcggcg ctctcccagc 180 

ggacaatggt acttggaaaa tcgggagagt taaaaacctg gggattggtc ttgggggcat 240 

tgaaggcggc tcgagaggac aggttacatc tgagcaagca aagttttggt tgggattagg 300 

gsgagggagg gtctctcccc caggtccgga gtgcatcgag aaaccagcta cggagcggcg 360 

aatcgacaaa ggggaggaag tgggagaaac aactgtgcag cgagatgcga agatggcgcc 420 

agaggaagcg gccacaccta aaaccgttgg cacatcctgc tatcattgcg gaacagctgt 480 

tggctgcaat tgcgccaccg ccacagcctc ggcccctcct cccccttatg tggggagtgg 540 

tttgtatcct tccctggcgg gggtgggaga gcagcagggc cagggagata acacgtctcg 600 

gggggcggag cagccaaggg aggagccagg gcatgcgggt caggcccctg ggccggccct 660 
gactgactgg gc 672 



<210> 12 
<211> 672 
<212> DNA 

<213> Avian leukosis virus 



atggaagccg tcattaaggt gatttcgtcc gcgtgtaaaa cctattgcgg gaaaatctct 60 
ccttctaaga aggaaatagg ggccatgttg tccctgttac aaaaggaagg gttgcttatg 120 
tctccctcag atttatattc tccggggtcc tgggatccat cactgcggcg ctctcccagc 180 
gggcaatggt acttggaaaa tcgggagagt taaaaacctg gggattggtt ttgggggcat 240 
tgaaggcggc tcgagaggac aggttacatc tgagcaagca aagttttggt tgggattagg 300 
gggagggagg gtctctcccc caggtccgga gtgcatcgag aaaccagcta cggagcggcg 360 
aatcgacaaa ggggaggagg tgggagaaac aactgtgcag cgagatgcga agatggcgcc 420 
agaggaagcg gccacaccta aaaccgttgg cacatcctgc tatcattgcg gaacagctgt 480 
tggctgcaat tgcgccaccg ccacagcctc ggcccctcct cccccttatg tggggagtgg 540 
tttgtatcct tccctggcgg gggtgggaga gcagcagggc cagggagata acacgtctcg 600 
gggggcggag cagccaaggg aggagccagg gcacgcgggt caggcccctg ggccggccct 660 
gactgactgg gc 672 



<400> 10 

gctgcttacc gcgggtatcc tgtttggccc atattcag 



38 



<400> 12 



3 



ISDOCtO: <WO__Q20666GaAaj.> 



wo 02/056668 





i:T/US01/50284 



<210> 13 

<211> 672 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: ALV gag 
sequence after long- term selection. 

<400> 13 

atggaagccg tcattaaggt gatttcgtcc gtgtgtaaaa cctattcfcgg gaaaatctct 60 
ccttctaaga aggaaatagg ggccatgttg tccctgttac aaaaggaagg gttgcttatg 120 
tctccctcag acttatattc tccggggtcc tgggatccat cactgcggcg <:tctcccagc 180 
ggacaatggt acttggaaaa tcgggagagt taaaaacctg gggattggtc ttgggggcat 240 
tgaaggcggc tcgagaggac aggttacatc tgagcaagca aagttttggt tgggattagg 300 
Srgga9^gagg gtctctcccc caggtccgga gtgcatcgag aaaccagcta cggagcggcg 360 
aatcgacaaa ggggaggaag tgggagaaac aactgtacag cgagatgcga agatggcgcc 420 
agaggaagcg gccacaccta aaaccgttgg cacatcctgc tatcattgcg gaacagctgt 480 
tggctgcaat tgcgccaccg ccacagcctc ggcccctcct cccccttatg t:ggggagtgg 540 
tttgtatcct tccctggcgg gggtgggaga gcagcagggc cagggagata acacgtct<:g 60*0 
gggggcggag cagccaaggg aggagccagg gcatgcgggt caggcccctg ggccggccct 6€0 
gactgactgg gc 672 



<210> 14 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PGR Primer 



<210> 15. 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PCR Primer 
<400> 15 

cgcatcgatc tgaatatggg ccaaacagg 29 



<210> 16 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PCR Primer 



<400> 14 

ggcatcgatc ctgaatgtgg gccgggc 



27 



<400> 16 

ccgtcggagg gagctccagg 



20 



4 



wo 02/056668 PCTAJSOl/50284 



<210> 17 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PGR Primer 
<400> 17 

gggctggata gcagacgaca tgg 23 



<210> 18 
<211> 23 
<212> PNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PGR Primer 
<400> 18 

cggatcaagg catagccgcg gcc 23 



<210> 19 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PGR Primer 
<400> 19 

ggcgccccct gttggacggc ccc 23. 



<210> 20 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PGR Primer 
<400> 20 

ggtgaccccg acgtgatagt t 21 



<210> 21 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PGR Primer 
<400> 21 

ggaccccaaa gctgcacttc a 21 
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<210> 22 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PGR Primer 
<400> 22 

gcggcagcca ctcgcgaccc c 21 



<210> 23 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PGR Primer 



<210> 24 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PCR Primer 
<400> 24 

ggtgaccccg acgtgatagt t 21 



<210> 25 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Secjuence: PCR Primer 



<400> 23 

ggcgccccct gttggacggc ccc 



23 



<400> 25 

ggcctgtacg gttggcccat g 



21 
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